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PREFACE 

This training course has been written for Machinist's 
Mates 2 or 1 who are studying for advancement to the rate 
of Machinist's Mates 1 or C. Study of this training course 
should be combined with practical experience; with review 
of other applicable Navy Training Courses ; and with study 
of manufacturers' instruction books, BuShips Manual, and 
other pertinent material. 

Qualifications for advancement to the rates of Machinist's 
Mate 1 and C are listed in appendix II at the back of this 
publication. Since examinations for advancement are based 
upon those qualifications, it is suggested that you refer to 
them frequently for guidance. 

This training course provides the Machinist's Mate with 
the information he will need in supervising the repair and 
overhaul of the main plant and auxiliary equipment. There 
are also two chapters on casualty and damage control— one 
dealing with damage control organization and supervision, 
the other dealing specifically with engineering casualty 
control. 

In addition, there are four chapter on Navy repair pro- 
cedures, material and supplies, records and reports, and 
trials and inspections. These subjects are discussed in con- 
siderable detail, because they are of great importance to 
the Machinist's Mate 1 or C as well as to other personnel 
of the Engineering Department. 

As one of the Navy Training Courses, this publication has 
been prepared by the U. S. Navy Training Publications Cen- 
ter of the Bureau of Naval Personnel, with technical assist- 
ance rendered by the Bureau of Ships and by personnel of 
naval establishments specially cognizant of the Machinist's 
Mates duties. 
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LEADERSHIP AND ORGANIZATION 

QUALIFICATIONS FOR ADVANCEMENT IN RATING 

The requirements that you must meet before you can be- 
come a Machinist's Mate 1 or Chief are set forth in the 
Manual of Qualifications for Advancement in Rating, Nav- 
Pers 18068 (Rev. 1952) ; for your convenience, they are listed 
in appendix II of this training course. Refer to these re- 
quirements and use them as a guide for study. The job for 
which you are now preparing requires technical knowledge, 
practical experience, and the ability to lead men. The MMC, 
and to a lesser extent the MMl, is a master craftsman, an 
instructor, a leader, a supervisor, and an INSPECTOR. 

SUPERVISORY AND ADMINISTRATIVE DUTIES OF MMl AND C 

Your primary job as a petty officer is to be a leader — to 
demonstrate those traits which make you effective in direct- 
ing and handling other men. You won't find personnel re- 
lations listed in the qualifications for advancement in rating; 
however, it is this factor that will determine your success 
or failure as a Chief or First Class Petty Officer. 

Supervising a group of men requires knowledge and skill. 
But these alone are not enough. Above all, supervision re- 
quires the tactful handling of the men assigned to you. 
Below are some fundamental principles which have been 
found successful in dealing with men. Study these princi- 
ples carefully and apply them, in your thinking, to situations 
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that have occurred or are likely to occur. Then, in your 
dealings with the men assigned to you, try to apply the 
principles to the actual situations which you encounter. 

Fundamental Principles 

Know Your Men. Find out as much as you can about 
each of the men assigned to you. Each man is an individual 
and must be treated as such. 

Keep Your Word. Men will respect you for doing what 
you say you will do. 

Know Your Own Job Thorouohlt. Know what your 
responsibilities are and just how far your authority extends. 
Know how to perform the technical skills your rating calls 
for. The more familiar you are with the equipment and 
skills available to you, the better able you will be to coordi- 
nate your work with the work of others in the engineering 
group. 

Know How to Give Orders. The secret of giving a good 
order is to make it mean business. If you act as though you 
expect the job to be done well, it will be. A good order 
clarifies (1) what is to be done, (2) when it is to be done, 
(3) how it is to be accomplished (if instructions are neces- 
sary) , and (4) why it must be done (when practicable to ex- 
plain). 

Reprimand in Private ; Praise in Public. Never "bawl 
a man out" in front of his shipmates — the purpose of a 
reprimand is to teach, not to embarrass. Always be sure 
your criticism is constructive. Praise a job that is well done, 
and, if possible, give your commendation in public. Men do 
better work if they know their efforts are appreciated. 

Keep Your Men Informed. Whenever possible, let your 
men know the purpose of their jobs. If they realize that 
what they are doing is important, they will do better work. 

Consider the Safety of Your Men at All Times. 
Throughout the naval service you will find safety precau- 
tions pertaining to daily routine. Always observe these 
safety precautions and see that your men observe them — 
don't permit them to take unnecessary risks. 
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Take an Interest in the Personal Problems op Your 
Men. Let your men know by your actions that you are 
looking out for their interests at all times. 

The General Training Course for Petty Officers, NavPers 
10055, and Human Behavior and Leadership, NavPers 10058, 
will give you more detailed information on leadership. If 
you have not already become acquainted with these Manuals, 
do so at once ; you will find them invaluable in helping you 
to become a good leader. You should also refer to the 
monthly U. S. Navy Training Bulletin, NavPers 14976, which 
deals extensively with methods of supervising naval 
personnel. 

Effective Supervision 

There are many skilled workmen, thoroughly familiar 
with every phase of their specialty, who cannot supervise 
the work of others. Supervision is a job in itself and you 
must learn how to do it. 

When you're in charge of a detail, you'll supervise lower- 
rated men and strikers. It will be necessary for you to assign 
work to these men and to see that it is properly completed. 
Of course, it is not necessary, or desirable, to be "breathing 
down a man's collar" while he is trying to perform a task, 
but you must be on hand to see that things go right and to 
give advice when it is needed. 

Good supervision may be achieved by observing the follow- 
ing steps : 

1. Plan the job thoroughly, so that you know exactly 
what is to be done and, as far as possible, how you are going 
to meet the problems which are likely to arise. 

2. Explain the assignment clearly enough so that the 
individual who is going to do the job understands just what 
is to be done. 

3. Check the progress of the job, particularly in the early 
stages, to catch mistakes before they can result in excessive 
loss of time, labor, and material. 

4. Suggest methods for doing the job, but allow the man 
to select any method which will result in a job well done. 
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5. Encourage quality in all work. 

6. Inspect each job, taking care to point out methods and 
reasons for eliminating unsatisfactory finished products. 
Be sure to give recognition and credit to outstanding work. 

7. Insist on the use of manufacturers' instruction books 
and applicable blueprints. 

Instruction 

One of your primary duties as MMl or MMC will be to 
instruct your men in the performance both of their technical 
jobs and of their military duties. The fundamental princi- 
ples of leadership, of course, apply to the teaching-learning 
situation as much as to any other situation in which you are 
dealing with men. Instructing is a very complex skill, and 
you will have to train yourself to be an effective teacher. 
The following suggestions will help you : 

1. Know Your Subject. In order to be able to explain 
the subject matter which you are teaching, you must be 
thoroughly familiar with it. 

2. Plan the Lesson. You must decide exactly what you 
want to teach — what knowledge or skill you wish your stu- 
dents to learn. Then you must plan how you are going to 
impart this knowledge to others, what questions you are 
going to ask, and what training aids you will use. 

3. Make the Tasks Meaningful. This can be accom- 
plished by tying new material in with what the student 
already knows, and by showing the student how the new ma- 
terial relates to his particular duties. 

4. Regulate the Size of the Task. No one can be ex- 
pected to learn a lengthy and complicated task all at once. 
Your problem as an instructor is to break down such a task 
into component parts which are meaningful units of work. 
(If a job logically falls into four stages, breaking it down 
into five or six will increase, rather than decrease, the diffi- 
culty of learning.) 

5. Have Your Men Participate. Watching someone do 
a repair job will help a little, but we do not really learn 
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how to do a job until we have actually performed it. See 
that your men spend as much time as possible working on a 
skilled task, and as little as possible in listening to explana- 
tions and watching demonstrations. 

6. Use More Than Words. To supplement oral descrip- 
tions in the classroom, you should use charts, diagrams, train- 
ing films, working models, and slides. In on-the- j ob training 
you will, of course, have the actual equipment on which to 
demonstrate. 

7. Repeat and Drill. Complex acts and skills are not 
learned without repetition. Drill, however, should be used 
wisely. It should be spaced so as to avoid monotony and 
fatigue. Several short periods of drill, spaced over a period 
of time, are better than one long period. 

8. Let the Student Know He Is Progressing. The stu- 
dent must not only have a clear picture of what he is aiming 
at in the way of knowledge or performance, but he must 
also know how well he is progressing. 

9. Use Much Reward, Little Punishment. Correct 
response should be amply rewarded ; incorrect responses are 
better rectified by calling attention to the right response than 
by punishment. In a few cases and for a few people, of 
course, punishment is necessary; but, in general, praise for 
good work gets better results than blame for poor work. 

Although much of your instruction will be in the form of 
actual practice, you will be expected also to lead discussions, 
deliver lectures, and give demonstrations. If it is consistent 
with the work to be performed, keep adding new and un- 
familiar tasks to the regular duties of your men. You will 
then have to teach the men the proper way to perform their 
newly assigned duties. Thus, the men's knowledge of their 
trade is broadened and your teaching ability is improved. 

SHIP ORGANIZATION 

A ship's organization bill, which delegates authority and 
fixes responsibility, is written before a ship is placed in com- 
mission. All naval vessels conform to the same general 
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organizational pattern, but the details of the pattern vary 
somewhat from ship to ship. One of the first things you 
should do when you report aboard is to familiarize yourself 
with the organization of your ship, your department, and 
your division. 

In order to carry out your new duties as a supervisor, you 
must be familiar with the Ship's Organization Book and 
Ship's Orders, and with the Engineering Department or- 
ganization and standing orders. As a First Class or Chief 
Petty Officer aboard ship, you'll assist a division officer in 
organizing, supervising, and instructing other men in their 
military duties as well as in their specialities. Therefore, 
you'll need to be familiar with the organization of the En- 
gineering Department. It will be your duty to support this 
organization and see that rules and regulations are properly 
enforced. 

ENGINEERING DEPARTMENT WATCHES 

Every watch in the Engineering Department is a vital 
function of the ship's maintenance and operation program. 
The engineer officer is responsible for the operation and 
maintenance of the main engines and auxiliary machinery. 
However, the Machinist's Mates 1 and C, and the men they 
supervise on the various watches, will actually do most of 
the work. Therefore, it is very important that the CPO in 
charge understand the extent of his responsibility to the 
engineer officer. 

Engineering Officer of the Watch 

The following articles from Navy Regulations (chapter 
10) will give you a general idea of the duties of the officers of 
the engineroom watch : 

Status, Authority, and Responsibility. — The engineering officer 
of the watch is the officer on watch in charge of the main pro- 
pulsion plant of the ship, and of the associated auxiliaries. He 
shall be responsible for the safe and proper operation of such 
units, and for the performance of the duties prescribed in these 
regulations and by other competent authority. 
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Directing and Relieving the Engineering Officer of the Watch. — 
The engineer officer, or, in his absence, the main propulsion 
assistant may direct the engineering officer of the watch con- 
cerning the duties of the watch, or may assume charge of the 
watch and shall do so should it in his judgment be necessary. 

Relation with the Officer of the Deck. — The engineering officer 
of the watch shall insure that all orders received from the officer 
of the deck are promptly and properly executed. He shall not 
permit the main engines to be turned except as authorised or 
ordered by the officer of the deck. 

Reports by the Engineering Officer of the Watch. — The engineer- 
ing officer of the watch shall report promptly to the officer of the 
deck and the engineer officer any actual or probable derange- 
ment of machinery, boilers, or auxiliaries which may affect the 
proper operation of the ship. 

Report 8 to the Engineering Officer of the Watch. — The en- 
gineering officer of the watch shall be promptly informed of any 
engineering work or change in disposition of machinery which 
may affect the proper operation of the plant or endanger per- 
sonnel, or which is required for entry in the record of his watch. 

Inspection and Operation of Machinery. — The engineering of- 
ficer of the watch shall cause frequent Inspections to be made 
of the engines, boilers, and their auxiliaries; and shall insure 
that prescribed tests, methods of operation, and instructions per- 
taining to the safety of personnel and material are strictly 
observed. 

Records and Logs. — The engineering officer of the watch shall 
insure that the engineering log, engineer's bell book, and pre- 
scribed operating records are properly kept. On being relieved, 
he shall sign the engineering log and the engineer's bell book 
for his watch. 

Watch, Quarter, and Station Bill 

As an MMC, you will assist your division officer in main- 
taining the Watch, Quarter, and Station Bill and in assign- 
ing watch stations and duties to all individuals in the divi- 
sion. After an individual has been interviewed and has 
furnished you with information concerning his background, 
you can recommend the billet where his past experience and 
training will be most effective. . Because of rotation of per- 
sonnel, the Watch, Quarter, and Station Bill requires con- 
stant revision. 
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Watches (General) 



As a watch stander, you will be the eyes of the Engineering 
Department. You will be responsible for the orderly ap- 
pearance and cleanliness of your assigned station. Prior to 
standing watch, you should thoroughly inspect all existing 
conditions, such as the operating condition of machinery 
and fire-fighting equipment. You should also check the 
assigned area for leaks and potential fire hazards. If a cas- 
ualty occurs, you should take immediate steps to control it, 
and should notify the proper authority. 

While on watch, you should strictly observe all operating 
instructions, regulations, and safety precautions. You 
should never leave your station unless you have permission 
from proper authority to do so, or are properly relieved. 
You should promptly execute all standing or special orders. 
When relieved, you should pass on to the relieving watch 
all information concerning existing conditions and special 
orders. 

There are several watches that you may stand or be re- 
sponsible for; the stations and duties of these watches are 
discussed in the following section, to guide you in qualifying 
yourself and the men who may serve under your supervision. 
However, Machinist's Mates 1 and C should have complete 
knowledge of the details of all watches to be stood. This 
chapter makes no attempt to describe the various watches in 
detail, and those watches which do not apply to all ships are 
omitted. 

The CPO in charge of an engineroom watch, while the 
ship is under way, should have a general knowledge of the 
capabilities of the men assigned to the watch detail. In 
order to determine whether or not a man fully knows his job 
as a watch stander, the CPO should, as soon as practicable, 
check on or interview new men assigned to his watch. Addi- 
tional instruction, as found necessary, should be given to 
each watch stander. 

The MMC should know all engineering casualty control 
procedures for the engineering plant of his ship. This in- 
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eludes casualty procedures for engineroom, for fireroom, 
and for ship's service turbogenerators; in addition, the MMC 
should know how to deal with any casualty which could af- 
fect the operation of the propulsion plant. 

It is advisable that the CPO, while on engineroom watch, 
take advantage of slack periods to make sure that all men 
assigned to the watch have the necessary knowledge and 
ability for the various engineering casualty drills. 

Remember that even in a short time an inexperienced man 
can learn a great deal, including the correct methods for per- 
forming his job as a watch stander, from an experienced 
chief or first class petty officer who is a good instructor. 

Under the direction of the engineering officer of the watch, 
the MMC is usually in charge of the engineroom watch. He 
sees that all machinery and equipment are operating properly 
and that all engineroom stations are properly manned. He 
checks all bearing temperatures and observes which boilers 
are steaming and which fuel oil and feed water suctions are 
in use. He checks the engineroom log and the bell book for 
entries and signature. 

While the MMC is on watch, he makes certain that the men 
under his supervision are alert and attending strictly to their 
duties, and that temperatures, pressures, and vacuums are 
being maintained as required. He must see that all signals 
from the bridge are answered, and orders promptly enforced. 
He checks the lube oil gages frequently. He enforces all 
pertinent safety regulations and is responsible for complete 
and accurate entries in both the engineer's bell book and the 
engineroom log. He keeps the engineer officer of the watch 
informed on all engineroom operations. 

The throttleman, usually an experienced man, must ad- 
just throttle valves quickly and accurately in order to comply 
with the speed signals from the bridge. He makes an entry 
in the engineer's bell book for every signal received from the 
bridge. He must be thoroughly familiar with the operation 
and functions of throttle valves, and with all engineering 
casualty control procedures and safety precautions concern- 
ing main engines and vital auxiliaries. 
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The pumpman, usually the lower-level watch, must know 
the function, construction, and operating principles of the 
pumps and other machinery and equipment on his station. 
He should be able to start, operate, and stop all pumps and 
equipment on his station, and to keep this machinery operat- 
ing smoothly at all times. To do this requires that he make 
frequent inspections of all machinery, and see that moving 
parts are properly lubricated and receive cooling water. He 
is particularly concerned with the main feed and lubricating 
oil pumps. He also checks closely the fire, flushing, and 
cooling water circulating pumps. He keeps standby pumps 
warmed up at all times and reports unusual occurrences to 
the MMC of the watch. The pumpman should observe ap- 
plicable regulations and safety precautions, and should be 
capable of handling machinery casualties that may occur on 
his watch station. 

The messenger of the watch assists in taking engineroom 
log readings, calls the relieving watch, dumps trash, and 
checks bearings for oil leaks. He is responsible for main- 
taining the proper oil level in the bearing sumps, and for 
checking for foreign matter in the lubricating oil. He in- 
forms the CPO in charge of the watch if any bearing is not 
receiving sufficient oil, or shows signs of heating. If quali- 
fied, he may serve as the JV phone talker. 

In-Port Watches 

CPO-Day's Duty. When the ship is not under way, 
CPO's stand a 24-hour watch duty in rotation, usually from 
0800 to 0800, or from 1100 to 1100. The watch is turned 
over to the relief at either the log room or the control engine- 
room. At that time the parties concerned exchange all 
necessary information. 

The duty CPO has a job similar to that of the engineering 
officer of the watch, with the exceptions that he has a 
24-hour duty, the ship is not under way, and the duty head- 
quarters is the log room. The duty CPO also maintains the 
engineering log entries, and keeps the duty engineering offi- 
cer constantly informed of any unusual existing conditions. 
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Generally, the CPO on the day's duty is furnished with the 
necessary information concerning the lighting off, getting 
under way, the time stations are to be manned, and the duty 
sections that are to man the stations. 

Before the time scheduled for the ship to get under way, 
the engineering duty officer checks the lighting-off sheets, 
steaming orders, and any special instructions which are to 
be carried out. When the engines are to be tested, the engi- 
neering duty officer gets permission from the officer of the 
deck to conduct the tests. 

Engineroom Auxiliary Watch. — Auxiliary watches are 
maintained under way and in port, to supply the light, 
power, steam and other services to make the ship livable. 
The engineroom auxiliary watch in port consists of a Ma- 
chinist's Mate in charge of one or more Firemen. The MM is 
responsible for seeing that an efficient and economical watch 
is being stood. All machinery not in operation must be 
checked to see that it has been properly secured. 

The MM in charge of the auxiliary watch is responsible for 
the proper operation of the ship's service turbogenerator 
and associated machinery; however, an electrician's mate 
will be responsible for the operation of the electrical equip- 
ment. The MM sees that the water in the auxiliary con- 
denser is tested every 30 minutes and that the chloride 
content is not allowed to exceed 0.1 epm. The water in the 
deaerating feed tank must be maintained at the prescribed 
level and temperature, and should be tested for chloride at 
least once each watch. The MM in charge must see that all 
operating machinery is lubricated as prescribed by the oper- 
ating instructions. He should see that the fire and flushing 
pumps are inspected for satisfactory operation and that the 
prescribed pressure is maintained on the firemain. 

Except in emergencies, the engineroom auxiliary watch 
does not make any changes such as stopping, starting, or 
shifting ship's service generators without first notifying the 
Chief Electrician's Mate and the Chief Machinist's Mate. 

A watch going off duty will not be considered relieved 
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until the floor plates are wiped, the engineroom is clean, and 
information concerning the status of the machinery in op* 
e rati on, orders, special orders, and uncompleted orders has 
been given to the relief. 

The forenoon watch carries out the following daily rou- 
tine, unless otherwise instructed: 

1. Moves by hand all auxiliary machinery not in use 

2. Runs the lubricating pump and tests standby pumps 

3. Jacks over the main engines 

4. Makes an entry in the engineering log to show that the 
items in the daily routine have been carried out 

On Fridays, in addition to the daily routine, the forenoon 
watch usually carriers out the following routine and makes 
the appropriate entries in the engineering log : 

1. Operates and tests all safety appliances and fire-fighting 
equipment 

2. Checks lubricating oil in all machinery for w^ater and 
for condition of oil 

3. Lifts all relief valves by hand 

4. Checks the operation of all valves 

Cold-/ron Watches. Under certain prescribed condi- 
tions (such as when a ship moves alongside a repair ship 
or tender, or into a naval shipyard, and is receiving power 
from these activities) a security and fire watch is usually set 
by each division. This security watch is commonly known 
as a cold-iron watch. Each cold-iron watch makes frequent 
inspections of the assigned area and is on the lookout for 
fire hazards, flooding, or other unusual conditions throughout 
the area. The cold-iron watch keeps bilges reasonably free 
of water in accordance with any harbor pollution regulations. 
Hourly reports on existing conditions are made to the officer 
of the deck. 

Any unusual existing conditions are immediately re- 
ported to the officer of the deck and to the engineering duty 
officer, so that the proper division or department can be 
notified to take necessary corrective measures. In case weld- 
ing or burning is to be performed in the area, the cold-iron 
watch checks to see that a fire watch is stationed. 



If the ship is in dry dock the watch must check all sea 
valves after working hours, to see that the valves are secure 
or blanked off. Oil, or water containing oil, should not be 
pumped into the drydock at any time. Weights such as fuel 
oil, feed water, or potable water should not be shifted with- 
out permission of the engineer officer. 

Fireroom Watches 

The CPO in charge of the fireroom must not only know 
what is required of the boilers, but he must also know the 
conditions existing within them. When only one fireroom 
is in operation, the CPO in charge is usually told to keep the 
steam pressure at a given point, but the control of the blow- 
ers, the air pressure, the number of burners, and other details 
are left to his judgment: When the ship is steaming with 
boilers in two or more firerooms, a carefully planned system 
for controlling the rate of combustion in each boiler is essen- 
tial. Such a system is discussed in the Navy Training Course, 
BoUerman 1 and Chief, NavPers 10536-A. 

The checkman assigned the duty of maintaining the pre- 
determined water level in the boiler must be thoroughly 
qualified for that duty, and should have no additional duties. 
Except for momentary fluctuations during maneuvering, the 
designated water level should be maintained under all steam- 
ing conditions. Maintaining the apparent water level con- 
stant under all conditions is the criterion of 'efficient water 
tending and requires constant vigilance. The checkman 
should know the correct procedures for the high-water and 
the low-water casualties. 

The burnerman maintains the correct steam pressure by 
cutting in or cutting out burners or by regulating the fuel 
oil pressure at the burners. Steam pressure should be held 
as steady as possible. The burnerman must constantly check 
for dirty atomizers and change them when authorized by 
the CPO in charge of the watch. On small ships, such as 
destroyers, the burnerman at the boiler must depend on both 
the boiler steam-pressure gage and the superheater steam 
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thermometer for information on conditions within the boiler. 
As the steam conditions change, the burnerman rapidly cuts 
burners in or out as required, in order to maintain steam 
pressure and temperature as constant as possible. The 
burnerman should have no other duty to distract him while 
the ship is maneuvering. 

The blowerman maintains the air pressure in accordance 
with the number of burners, size of sprayer plates, and the 
oil pressure carried. Every effort should be made to operate 
with the lowest possible air pressure in order to permit 
smokeless operation (or to give a light-brown haze, if so 
directed, for the sake of economy). The blowerman must, 
remember that a corresponding increase in air pressure 
should always precede an increase in the rate of combustion, 
and a decrease in the air pressure should always follow a 
decrease in the rate of combustion. 

The pumpman helps keep fuel oil supply pressures and 
oil temperatures at prescribed levels. He must be qualified 
to start and stop all machinery in the fireroom, cut in or cut 
out fuel oil heaters, and shift fuel oil strainers. He sees that 
both the emergency feed and the standby fuel oil service 
pumps are warmed up and ready for use. He should know 
how to cut in and cut out the main feed and fuel oil systems. 
In addition, he checks the auxiliary machinery carefully in 
order to see that this machinery operates efficiently. 

The messenger of the watch keeps the fireroom swept 
down, wipes up oil, assists in the cleaning of burners, takes 
log readings, calls the relieving watch, acts as JV talker (if 
qualified), and in general is the handy man in the fireroom. 
However, it should be borne in mind that the messenger is 
expected at the same time to be qualifying for other duties 
in the fireroom. 

SUMMARY 

Leadership will now play a more important part in your 
duties. Now that you have learned to run machinery and 
have become proficient in its operation and maintenance, 
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you will be called upon to impart your knowledge to lower- 
rated men and strikers. 

Leadership requires that you know your job, your ship, 
and above all, your men. What seems elementary to you 
might not be to a man new to the Navy. You must not only 
help him to become adjusted, but also teach him his job, 
and instruct him in his responsibilities. In addition, you 
must see that he carries out his duties properly, and you 
must explain the relationship of his job to the over-all oper- 
ation of the engineering plant. 

There are many Navy publications which will assist you 
in mastering principles and techniques of leadership. You 
will find that leadership is something that you will have 
to work at. Proper supervision will have an important bear- 
ing on the attitudes of your men and the quality of their 
work. 
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QUIZ 



1. The requirements that you must meet before you can become a 
Machinist's Mate 1 or C are set forth In which publication? 

2. What factor will determine your success or failure as a chief 
or first class petty officer? 

3. What is your primary job as a petty officer? 

4. What 3 factors are required for good supervision? 

5. What 4 factors constitute a good order? 

6. In supervising a job, why should you check the progress of the 
job in the early stages? 

7. To supplement oral descriptions in the classroom, what should 
you use in teaching your men? 

8. When you report aboard ship as a CPO, what should you familiar- 
ise yourself with? 

9. Who authorizes the engineering officer of the watch to have the 
main engines turned? 

10. To whom does the engineering officer of the watch report any 
actual or probable machinery derangements? 

11. Information concerning the watches and stations which are to 
be manned, in all readiness conditions, can be found in which 
publication? 

12. Who is usually in charge of the engineroom watch, under the 
direction of the engineering officer of the watch? 

13. How often should the water in the auxiliary condenser be tested, 
and by whom? 

14. Upon being relieved, what information should the petty officer 
of the engineroom auxiliary watch turn over to his relief? 

15. How frequently is all auxiliary machinery moved by power 
when the machinery is not in operation? 

16. When a ship is receiving power from a repair activity, what 
type of watch is usually set by the Engineering Department? 

17. What is the duty of the checkman assigned to a flreroom watch? 

18. What 3 factors govern the air pressure maintained by the 
blowerman? 

19. Who helps keep the fuel oil supply pressure at the pressure 
specified and the oil temperature as directed? 

20. Who takes log readings of the flreroom watch? 
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CHAPTER 



PROPULSION TURBINES 

The main turbines, reduction gears, and boilers constitute 
the major units of the ship's propulsion plant — the most im- 
portant of all the machinery on board ship. Malfunctioning 
of this machinery or damage to any of the parts can necessi- 
tate repairs which may be costly, and will usually require 
the facilities of a shipyard. If a ship is to be ready at all 
times for unlimited operations, the main units of the pro- 
pulsion machinery, such as turbines, must constantly receive 
the best of care in operation, maintenance, and repairs. 

This chapter will present selected information on opera- 
tion, maintenance, and repairs of the most common types of 
main turbines. The MM1 or C should refer to the chapter 
on turbines in BuShips Manual in order to obtain informa- 
tion beyond the scope of this training course. The detailed 
information necessary for shipboard maintenance and repair 
of turbines is obtainable from the manufacturer's instruction 
book, and from blueprints. 

TURBINE OPERATION 

There are two common types of main turbine installations 
on naval ships. Differences between the two types depend 
on whether or not a cruising turbine is provided. 

The type of turbine installation on destroyers (and some 
other ships) consists of three units : the high-pressure, low- 
pressure, and cruising turbines. The astern turbine is de- 
signed and built as part of the low-pressure turbine. Figure 
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2-1 shows an example of one type of installation of main 
turbine and reduction gears. For different types of ships 
that have this type of propulsion plant, the size of the tur- 
bine and the construction of the gears will vary. 

In order to obtain maximum economy and efficiency of 
operation, cruising stages are provided in turbine installa- 
tions which do not have a cruising turbine. These turbine 
installations are designed for good operating economy at 
cruising speeds as well as at full power. This economy is 
obtained by the use of 6 or 7 nozzle control valves. These 
nozzle control valves, similar to other turbine installations, 
are operated by a single handwheel at the main throttle 
board. As more steam is admitted to the turbine, the in- 
dividual valves are opened in a predetermined sequence. 

Lubrication of Turbines 

One of the important factors in the operation and mainte- 
nance of main turbines is an adequate supply of lubricating 
oil having the correct physical and chemical qualities. Most 
turbines are provided with needle valves that permit ad- 
justment of the oil flow to all journal and thrust bearings. 
The needle valves and orifices at the various turbine bearings 
require a high-grade mineral oil (Navy Symbol 2190T) 
with a pressure of 10 psi at the needle valves. They are 
adjusted so that the temperature rise of the oil through the 
bearings is about 25° F at full power. The midpoint setting 
of a needle valve is correct for normal operating conditions. 
Normally the setting of these needle valves should not be 
disturbed or readjusted except by experienced maintenance 
personnel. 

In case of an overheated bearing, the flow of oil should 
be increased by opening the needle valve. When corrections 
or repairs have been made, the needle valve setting should 
be adjusted to its normal position. Although the flow of oil 
through a needle valve cannot be shut off entirely, the flow 
should not be reduced below the normal amount. 

There is a possibility that over a- period of years a needle 
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valve, with a normal setting, may allow a bearing to be sup- 
plied with so much oil that leakage from the ends of the 
bearing occurs. In such a case, if repairs to the needle valve 
are not practicable, the regular setting of the needle valve 
should be reduced until a normal flow of oil through the 
bearing is established. 

For most main turbines, the normal operation of the inlet 
oil temperature should be between 120° and 180° F and at 
full power the outlet oil temperature should be between 140° 




figure 2-1. — Steam turbine and reduction gear with eatings removed. 
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and 160° F. The maximum temperature rise of oil passing 
through any bearing under any operating condition should 
not exceed 50° F, nor should the final temperature of the 
outgoing oil exceed 180° F. Cooling water should be turned 
on when the temperature of the oil leaving the main lubri- 
cating oil cooler reaches 120° F. 

The lubricating oil should be maintained free from water 
and impurities by means of the oil purifier and the settling 
tank. In keeping a continuous check on the condition of the 
lubricating oil, a routine procedure of taking oil samples 
should be followed. In addition, the oils should be tested 
at regular intervals whenever shore testing facilities are 
available to determine the neutralization number, flash point, 
viscosity, and other physical or chemical properties which 
govern the effectiveness of oil as a lubricant. 

Procedure When a Bearing Overheats 

Bearing temperatures depend on the viscosity of oil being 
used, the design of the bearing, the running speed, the clear- 
ances, and the location and accuracy of the thermometer. 
Because all these factors must be considered, optimum tem- 
peratures applicable to all bearings cannot be arbitrarily 
established. 

Operating personnel should thoroughly understand the 
precautions and the procedures to prevent possible bearing 
troubles, and also know what procedure (s) to follow in case 
bearing troubles occur. 

Generally a hot bearing may be traced to one of the fol- 
lowing causes: 

1. Improper or insufficient lubrication. 

2. Grit, dirt, or other foreign matter in the oil. 

3. Bearing out of line. 

4. Bearing improperly fitted. 

5. Obstruction in the oil line or passage. 

6. Poor condition of bearing or journal surface. 

If the temperature of a bearing increases above its normal 
running temperature, the quality and quantity of the oil to 
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that bearing should be checked immediately. If the bearing 
has not been wiped, the supply of oil to the bearing may be 
increased by opening the needle valve in the oil supply line 
or passage to the bearing. 

When below normal pressure, the delivery pressure of the 
oil pumps should be increased. The oil should be further 
cooled by increasing the flow of circulating water to the oil 
cooler in case the temperature of the oil from the cooler is 
above the normal temperature. If the bearing is hot be- 
cause of improper lubrication, an abundant supply of oil 
should gradually bring the bearing back to its normal oper- 
ating temperature. An increased supply of oil may also 
flush out impurities in the bearing sufficiently to permit con- 
tinued operation. 

If a bearing is out of line or improperly fitted, or if the 
bearing and journal surfaces are not in good condition, 
only temporary relief can be looked for by use of the various 
means suggested above. If the above measures are not ef- 
fective, the speed of the turbine should be reduced; when 
necessary, the turbine should be immediately slowed down 
and stopped. The use of water on a bearing should not be 
resorted to except in a case of emergency, as cold water 
causes contraction of the bearing, further reducing the 
clearance. 

The most effective treatment of a hot bearing will prob- 
ably be the operation of the turbine at low 'or moderate 
powers until such time as the proper inspections and repairs 
can be made. Usually an abnormal temperature in a bearing 
can be lowered by decreasing the amount of work of the 
bearing. Care should be taken to avoid allowing the tem- 
perature to exceed the safe bearing temperature; bearing 
metal becomes soft when its critical temperature is reached. 

When hot bearing conditions become critical, the turbine 
should be immediately slowed down, if practicable. The 
turbine should then be rolled over at a minimum speed to 
prevent the bearing from freezing. After the bearing has 
cooled sufficiently, the turbine should be stopped and the 
main shaft locked, with the lubrication system in operation. 
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Bearing depth gage readings should be taken to determine 
if any wear of the bearing has occurred. If no wear of the 
bearing has occurred, operation of the turbine at low speeds 
can again be attempted, or the bearing can be disassembled 
for a complete inspection. In case the bearing readings show 
that abnormal wear or wiping of the bearing has occurred, 
the bearing must be disassembled for repairs. Operation 
of wiped bearings will cause serious damage to the turbine. 

In case of a hot bearing, the lubricating oil should be 
carefully inspected and renovated as found or considered 
. necessary. Additional information on bearings and lubri- 
cating oil system casualties is given in other chapters of this 
training course. 

Astern Power Limitations 

The MMl or C must be familiar with astern power limita- 
tions for his ship. Each ship has its own designed operating 
requirements for maximum astern power. Additional in- 
formation concerning astern power limitations for the ship 
is given in chapter 41 (article 131), of BuShips Manual. 

It is important that vacuum be maintained at the best 
obtainable value during all astern operations. During long 
runs at high power astern, all thermometers indicating 
turbine-casing temperature should be carefully observed. 
An excessive temperature rise should be taken as a warning 
to reduce the ship's astern speed. Excessive temperatures 
may be caused by (1) failure to observe astern speed limita- 
tions, or (2) leakage ahead of the nozzle control valves. If 
there are indications that control valves are leaking, the 
valves should be checked for tightness as soon as possible. 

Abnormal Operating Noise or Vibration 

Freedom from vibration is essential to the efficient opera- 
tion of turbines. If an abnormal noise or vibration is en- 
countered while a turbine is in operation, the cause may 
be due to any one or a combination of the following troubles : 

1. Water in the turbine. 
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2. Bearing troubles. 

3. Rubbing of packing or oil seal rings. 

4. Rubbing of turbine blading. 

5. Damaged or broken blading. 

6. Bent or broken propeller blades. 

Vibration accompanied by a rumbling noise probably in- 
dicates the presence of water in the turbine casing, either 
from boiler priming or inadequate casing drainage. In 
I either case the throttle should be closed immediately and 
the shaft stopped. When the high water casualty has been 
corrected (and the main steam line drained) or the turbine 
casing properly drained, the turbine may be placed back 
into operation, unless there still is an unusual noise or vi- 
bration, because of damage done by the water. 

When bearing troubles occur, the turbine should be stopped 
as soon as practicable to prevent damage to the turbine. An 
investigation should be made to determine the condition of 
the bearing. Bearings should be reconditioned or replaced 
as found necessary. The cause of the trouble should be de- 
termined and measures taken to prevent any similar troubles 
i from recurring. 

Rubbing of labyrinth (or carbon) packing or oil seal 
rings is usually caused by one of the following : bad bearings, 
bowed rotor, or (in rare cases) improper installation of 
packing or seal rings. The turbine shaft will overheat due to 
friction and may start to show heating colors. The turbine 
should be stopped to prevent any possible damage to the 
turbine blading. An inspection should be made to locate 
the cause of the trouble. If defective bearings are located, 
they should be replaced. A bowed rotor should be straight- 
ened out by operating it at a low speed until all parts have ex- 
panded equally. The shaft packing or oil seal rings may 
need to be refitted or replaced to give proper allowance. 

When rubbing of turbine blading occurs, the cause will 
probably be a bowed rotor, a defective thrust bearing, burned 
out journal bearings, or foreign material inside the turbine 
casing. The turbine should be stopped immediately and the 
cause of the trouble determined. (If the turbine has just 
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been started, the trouble may be a bowed rotor. Foreign 
matter in a turbine cannot be readily determined unless a 
defective main steam strainer has been found-) 

A rubbing noise in the turbine, followed by a sharp, 
metallic sound, is an indication that part of the blading has 
been damaged. The turbine should be shut down and not 
used until the extent of damage has been ascertained and 
repairs made. All pertinent information on the casualty 
should be written up in the engineering log. The investiga- 
tion and repairs will normally be made by a repair activity. 

Another cause of vibration and noise in a main turbine 
may be bent or broken propeller blades* Normally, this 
condition is first indicated by the excessive vibration of the 
main shaft together with the abnormal noise and the vibra- 
tion of the main reduction gear. When these other 
conditions are present, it may be assumed that the vibra- 
tion and noise are caused by the main shaft or propeller. 
The main shaft should be slowed down until the vibration 
stops or is within safe limits. An inspection should include 
the spring bearings, stern tube bearing, bulkhead stuffing 
tubes, and shaft couplings. If these are found to be in good 
condition, it may be assumed that the trouble is outside the 
ship. It may be that a line or cable has fouled the propeller. 
In this case the ship may be backed in an attempt to free 
the propeller. If there are no indications of a fouled pro- 
peller, it may be assumed that the propeller has been dam- 
aged. This may be substantiated by other conditions, such as 
operating the ship in shallow water. When conditions per- 
mit, the services of a diver should be obtained to inspect the 
propeller. 

Rotor Balance 

The turbine rotors are carefully balanced both statically 
and dynamically. If, under rare circumstances, a rotor be- 
comes unbalanced, it will be necessary to have the rotor 
rebalanced. 

Faulty alignment or damaged foundations may cause 
vibration. It may be possible that incrustations on the tur- 
bine rotor may cause unbalance, and ultimately vibration. 
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Any damage to the turbine rotor blading (and balance 
weights) will, understandably, cause unbalancing of the 
rotor. All possible causes of turbine vibration should be 
investigated before an attempt is made to balance the rotor. 

Detecting Leaking Nozzle Controt Valves 

If not detected in time, leaking nozzle control valves 
for the main turbine will affect the operation of the propul- 
sion plant. When the throttle valve is closed the main shaft 
will continue to rotate slowly in the forward direction, with- 
out any relative motion between the ship and the water. 
This abnormal rotation of the shaft can be stopped only by 
the use of the astern throttle valve or by closing the guarding 
valve. 

In case of abnormal rotation of the shaft, or if there is 
any reason to believe that there is a leakage of steam at the 
high-pressure turbine nozzle control valves when the throttle 
valve is closed tight, a visual check should be made. 

The test for leaking nozzle control valves can best be con- 
ducted when the ship is at anchor and the main condensing 
equipment is shut down. The guarding valve and throttle 
valves are closed in a normal manner. All steam and drain 
valves to the turbines are closed. The lagging pad and the 
inspection cover plate in the exhaust casing of the high- 
pressure turbine are removed ; next the guarding valve, or its 
bypass, is slowly opened. A visual check of any steam leak- 
age can then be made. There should not be any steam 
emitted from the opening in the turbine casing. If there is 
leakage, the amount of steam emitted will indicate the con- 
dition of the nozzle control valves. When there is steam 
leakage, all valves and lines should be rechecked to make 
certain that the steam is coming through the nozzle valves 
and not from another source. Precautions should be taken 
to ensure that the main throttle valve remains closed until 
the inspection plate has been replaced. 

It is a good policy to make a visual check for leaking 
nozzle control valves each quarter. 
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MAINTENANCE OF TURBINES 



The maintenance of turbine installations is as important 
as their proper operation. If proper maintenance procedures 
are followed, abnormal conditions may be prevented. 

The interior of the turbines is inspected quarterly, or more 
frequently (if necessary) by means of inspection openings. 
If time permits, all turbines are inspected after each long 
run or after considerable cruising. During this inspection, 
the effectiveness of the procedures in keeping the turbine dry 
and free from corrosion should be noted. 

The following inspections and routine checks should be 
carried out at anchor, and appropriate entries must be made 
in the log : 



When 



Dally 

Dally 

Dally 

Dally 

Weekly 

Weekly 

Weekly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Semiannually 
Semiannually 



Where 



Jack turbines 1H turns 

Circulate lubricating oil in system. 



Ru n air ejector X hour, longer if 
Operate lubricating oil separator. . 

Valves, and Joints of steam, ex- 
haust, and drain lines. 

Operate and lubricate throttle 
control gear. 

Operate and lubricate, If possible, 
all valves not used. 

Inspect exhaust trunk and last 
few stages of low-pressure tur- 
bine through manhole plate. 

Sound with hammer, holding 
down bolts, ties, and shocks of 
turbines. 

Remove turbine inspection plates. 



Shoes of thrust bearing for clear- 
ance and conditions of bearing 
surface. 

Blow out thrust bearing with air 
after examination. 

Main bearings for clearance 

Calibrate gages 

Exhaust trunk 

Test and set steam relief and sen- 
tinel valves. 

Check location, tightness, and 
condition of rotor balance 
weights through inspection 
openings. 

Main bearings for clearance, con- 
dition of Journal, and bearing 
surface. 

Gland packing, for wear (where 
examination can be made with- 
out lifting turbine casing). 



Why 



To prevent free ting of bearings. 

To prevent accumulation of water 
and sediment in pockets and to 
form oil film while Jacking. 

To dry out turbines. 

To prevent water from being mixed 
with oil, when sent to bearings. 
For tightness. 

To prevent sticking. 

To prevent parts from freezing. 

To detect corrosion or other defects. 



To detect signs of loosening turbine 
fastening. 

To determine existence of loose 
blades or shrouding, and to look 
for corrosion. 

To ensure proper position of the 
rotor. 

To prevent foreign matter remain- 
ing. 

To ensure correct clearances. 

To ensure correct readings. 

For tightness, evidence of corro- 
sion, and loose bolts. 

To ensure proper protection against 
excessive pressures. 

To detect corrosion, erosion, or 
other defects. 



To ensure correct clearances and 
good condition of bearings. 



To ensure efficient 
maintained. 



si being 
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TAKING TURBINE BEARING READINGS 

The oil clearances of bearings of all types, whether journal, 
thrust, or steady bearings, should be checked at regular inter- 
vals and the readings permanently recorded on the Bearing 
Record Card of the Material History. 

1. Quarterly 

a. Take depth micrometer readings of all turbine jour- 
nal bearings. When repairs are made, both depth 
gage and bridge gage readings should be taken and 
recorded. 

b. Take thrust bearing clearances on all turbine thrust 
bearings. 

c. Measure propeller thrust bearing clearance. 

2. Semiannually 

a. Take bridge gage readings of all turbine journal 
bearings. Depth gage micrometer readings should not 
be substituted for these bridge gage readings. Lead 
readings should be taken on the auxiliary turbines. 

b. Inspect the condition and the clearances of thrust 
shoes on thrust bearings. Inspect thrust collars, nuts, 
and locking devices. 

3. Annually 

a. Examine the spring bearings for the main shaft 
and take clearances. 

Instructions concerning what bearing readings should be 
taken, and how frequently these clearance checks should be 
made, are established by BuShips. In order that ship's 
personnel may thoroughly understand the applicable instruc- 
tions, the type commander will usually amplify these in- 
structions. 

Know Location of Rotor at all Times 

Impulse main turbine installations are used on ships in 
the Navy with and without cruising turbines. All of the 
stages are the impulse type ; that is, the type in which pres- 
sure drop takes place in the stationary nozzles. The steam 
is directed onto the curved surfaces of the moving buckets. 
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In impulse staging the radial clearances are large and have 
no effect on the efficiency. The axial clearances also, within 
the limits permitted by the design of the turbine, will have 
almost no appreciable effect on the efficiency, because the 
same pressure exists on both sides of the moving blades, 
thereby producing no tendency for the steam to bypass the 
blades. In impulse staging, axial clearances are kept small 
for the purpose of reducing the length of the rotor and 
casing. 

In shaft and diaphragm packings the clearances are small, 
and will be altered if the position of the rotor changes (from 
wear either of the journal or of the thrust bearings) . This 
change results in loss of efficiency of the turbine because of 
steam leakage by the glands, and repairs will eventually be 
necessary. 

The most important reason for maintaining a turbine 
rotor in its proper position is to prevent damage to the tur- 
bine. Should the rotor touch the casing at any time, because 
of failure of the thrust or journal bearings while the turbine 
is in operation, damage will result and it will be necessary 
to lift the turbine casing for repairs. The turbine parts that 
are subject to damage, due to the close clearances, are the 
rotor blading, nozzle diaphragm blading, diaphragm pack- 
ing rings, shaft packing rings, and oil deflector or seal rings. 

Bridge Gage Readings 

Bridge gages are supplied with each turbine installation 
to detect any changes in the vertical and horizontal position 
(when cold) of the turbine rotors. Changes can result from 
worn bearings. 

The gage is carefully placed over the journal so that the 
hardened steel resting points of the gage rest on the cleaned 
housing surface, and the dowels of the gage rest in the holes 
in the horizontal joint at the centerline of the bearing, as 
shown in figure 2-2. With feelers, measure the clearance 
between the journal and the top and side reference surfaces 
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of the bridge gage. The original clearance is stamped on 
the bridge gage, as is the name of the bearing on which the 
gage is to be used. 

The difference between the reading stamped in the gage 
and the reading obtained with the feelers gives the amount 
that the shaft is above or below the proper position. This 
distance should agree within a few thousandths of the figure 
stamped on the gage. Data on allowable tolerances can be 
found in the manufacturer's instruction book or in chapter 
40 of BuShips Manual. 

The thickness of the oil film between the journal and its 
bearings will affect the reading. Bridge-gage readings, 
therefore, should be taken after the oil has been shut off for 
24 hours. If it is impracticable to wait '24 hours after shut- 
ting off the oil supply, the interval between shutting off the 
oil and taking the readings should be made as long as pos- 
sible. 




Before a bridge gage is used, it should be examined to see 
that it has not been damaged in any way. Most ships are 
provided with gage pins to check for possible distortion of 
bridge gages. 

Depth Gage Readings 

The bearing wear micrometer depth gage shown in figure 
2-3 is used to determine the amount of bearing wear. The 
depth gage spindle is inserted into the depth gage well until 
the bridge of the gage rests evenly on the reference boss; 
the knurled handle of the micrometer is then turned until 
the spindle touches the journal. The reading is taken 
and compared with previous readings. The original reading 
for each bearing is stamped on the reference boss. Depth 
gage readings should not be taken while the turbine is in 
operation. 

Thrust Bearing Readings 

There are a number of types of axial clearance indicators 
that can be used for various turbine installations. For ex- 
ample, a clearance indicator is used to indicate the axial 
position of the rotor without dismantling the turbine. 

If an axial position indicator shows an abnormal indica- 
tion, the clearance between the rotor and casing should be 
investigated. In addition, the thrust bearing should be in- 
spected. A turbine should not be considered ready for opera- 
tion until any abnormal condition resulting in an unusual 
reading has been located and corrected. 

Checking Clearance of a Thrust Bearing. The total oil 
clearance of a thrust bearing can be obtained by measuring 
the end play of the rotor. Main turbines have the Kingsbury 
type thrust bearing, which must be completely assembled 
when measuring the end play of the rotor. Oil clearance 
of the thrust bearing must be maintained within the design 
clearances given by the manufacturer's instruction book and 
plans. Usually this oil clearance for a turbine thrust is 
between 0.008 and 0.015 inch. 



The methods of measuring the end play of rotors for vari- 
ous types of turbines may differ in detail, but they employ 
the same fcasic principle. The rotor shaft is moved as far 
as it will go in one direction and then in the opposite direc- 
tion. The length of travel between the two end positions 




Figure 2—3. — Talcing readings with a depth gage. 

is measured by a precision measuring instrument, such as 
a dial indicator. 

Moving Rotor to Check End Plat. The manufacturer's 
instruction book for a particular turbine installation should 
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be studied to obtain detailed directions for moving a rotor 
and shaft. One method of moving rotors is given below as 
an example. 

In order to move the rotor shaft of the high-pressure tur- 
bine, remove the upper half of the coupling guard. To move 
the shaft forward, apply a bar between the after face of the 
coupling flange and the face of the adjacent cover. To move 
the shaft aft, a bar is applied between the forward face of 
the shaft coupling flange and the face of the bearing cap. 
In each case a wood block is used to prevent marring the 
metal surfaces. 

The dial indicator attached to the flanged surface of the 
bearing cap is adjusted to zero, or any other setting desired. 
The end play is obtained from the two readings of the dial 
indicator. The end play for the low-pressure turbine rotor 
can be measured in a similar manner. 

Rotor Axial Clearance Readings 

The axial location of turbine rotors, as indicated by the 
position indicators, should be checked at regular intervals 
by measuring the actual rotor clearance with a taper gage. 
On many propulsion turbines, openings in the casings are 
provided for the insertion of these taper gages. Special 
taper gages for taking these readings are supplied to the 
ship. 

The method of taking the axial clearances of a rotor must 
be obtained from the manufacturer's instruction book. For 
the purpose of explanation, one method for taking these 
readings will be discussed. 

When taking an axial clearance measurement, move the 
rotor shaft of the high-pressure turbine hard forward. The 
rotor shaft of the low-pressure turbine is moved hard aft. 
These positions will take up the slack between the thrust plate 
and the inner casing of the thrust bearing, duplicating the 
method used in obtaining the original readings. 

A minimum clearance reading will be obtained for the 
high-pressure turbine, as indicated in figure 2-4. For the 
low-pressure turbine, a minimum clearance reading will be 
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obtained at the after-end astern element and a maximum 
reading will be obtained at the forward-end astern element. 
The clearance reading is taken by placing the taper gage 
between the face of the stationary bucket nozzle and the 
entrance edge of the first row bucket shrouding for both 
astern elements. In order to take these readings, two of 
the inspection cover plates have to be removed from the low- 
pressure turbine casing. The readings for the axial clear- 
ance of the rotor are taken at the same time that the clearance 

readings for the thrust bearing are taken. 

n 



Cover 



Taper gage 



Gasket 




Figure 2—4. — One method of taking rotor axial clearance readings. 

Turbine clearance readings are generally taken each quar- 
ter, to ascertain the actual position of the rotor and detect 
any abnormal wear of the bearings. If abnormal conditions 
are found, they should be investigated and corrections made 
before the turbine is placed back into operation. All clear- 
ance readings should be carefully checked against previous 
readings and recorded for future reference. 

During a routine 5-year inspection, or whenever the tur- 
bine is opened for repairs, the repair activity normally will 
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take a detailed set of turbine clearance readings. These 
readings are recorded on a special form or drawing, and a 
copy is mailed to the ship. Figure 2-5 shows a method of 
taking taper gage measurements for checking the position 
of a high-pressure turbine rotor. 

REPAIR OF TURBINES 

When a bearing is opened, it should be carefully inspected 
for ridges, scores, and amount of wear. It should be noted 
whether or not the babbitt lining has remained anchored to 
the shell. If the bearing is only slightly wiped, it can prob- 
ably be scraped to a good bearing surface and restored to 
service. In this case the clearance reading of the recondi- 
tioned bearing should be fairly close to its original value. 
When a bearing surface is found to be scored, uneven, con- 
siderably worn, badly wiped, burned out, or if the lining 
is loose, the bearing should be rebabbitted or replaced. 

Journal Bearing Repairs 

The journal should be carefully inspected. It should be 
smooth and even, and free from defects. To remove any 
rust, ridges, and sharp edges of scores, the journal should 
be lapped with a fine, small oilstone, or with an oilstone 
powder. This work, as well as scraping, bearings, should 
be carefully performed by an experienced Machinist's Mate. 

Fitting of Bearings. A bearing should have sufficient 
percent bearing area or fit in order to withstand maximum 
designed load. If the bearing area is reduced by any con- 
siderable amount, more heat than the metal can withstand 
will be generated in the bearing, with the result that extreme 
measures will have to be taken to keep the bearing cool 
and prevent it from wiping. 

Bearings are usually finish-bored to a diameter equal to 
that of the journal plus the desired oil clearance, and little 
or no fitting should be necessary. Where hand fitting is re- 
quired, a mandrel should be used; the mandrel should have 
a diameter equal to that of the journal plus the desired oil 
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Figure 2-5. — The position of a rotor boing chocked by a repair activity. 

clearance. The first step in hand fitting is to coat the mandrel 
with a compound such as prussian blue. One halt of the 
bearing is placed on the mandrel and turned slightly, with 
a light pressure, to cause the coloring on the mandrel to 
adhere to the high spots on the bearing. These high spots 
should be removed with a scraper, and the fitting operation 
should be repeated until the coloring matter is uniformly 
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distributed over the bearing surface, indicating that all of 
the bearing surface is in contact with the mandrel. When 
no mandrel is used, contact with the journal should be lim- 
ited to a small area (about 30°), in the bottom of the bearing. 

In scraping a bearing, care must be taken to see that the 
lining is kept concentric with the shell. 

Replacement of Journal Bearings. The detailed pro- 
cedure for replacing bearings will vary somewhat for the 
different types and sizes of turbine. Where the upper and 
lower half of a bearing may be accidentally interchanged, 
or the axial position reversed, care should be taken to see 
that the parts are properly marked and replaced in order to 
obtain proper lubrication of the bearing. A typical turbine 
bearing is shown in figure 2-6. 

Hole for mcrometer 
beonng wear gage 




Oil inlets 

Figure 2—6. — Typical turbine journal bearing. 



Before a spare bearing is installed it should be carefully 
cleaned and inspected. The two bearing halves should be 
bolted or clamped together and the vertical and horizontal 
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measurements of the bearing bore should l>e taken with an 
inside micrometer. Check to see that these values are within 
the manufacturer's dimensiona *Iust before installation the 
journal and bearing should be well lubricated. 

As an example, in most turbine installations, after the 
upper half of the bearing has been removed, a special jack 
is used to remove the lower half of the bearing. The jack 
is put in place, as shown in figure % 2-7, and the weight of 
the rotor removed from the lower bearing. There should be 
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figure 2-7. — Removing a lower half of a bearing with the aid of a special jack. 
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sufficient clearance so that the bottom half of the bearing 
can easily be rolled out and a spare bearing installed. When 
the lower half of the bearing is in place, the jack is removed. 

With the rotor at rest on the lower half of the new bearing, 
bridge gage measurements should be taken and recorded. 
Depth gage readings should be taken and recorded after the 
bearing has been completely assembled. 

The appropriate precautions should be taken to see that 
both the oil and the lubricating oil system are free from any 
impurities and foreign matter. 

When a defective or burned-out bearing has been replaced 
by a spare, the old bearing should be rebabbitted without 
undue delay. If necessary, a new spare bearing should be 
ordered to maintain the required allowance of repair parts. 
The normal procedure is to have a repair ship or shipyard 
rebabbitt and machine out the bearing. The appropriate 
blueprints, or the manufacturer's instruction book, should be 
furnished the repair activity (except naval shipyards), be- 
cause the detailed information will be necessary for re- 
babbitting and machining the bearing. 

Thrust Bearing Repairs 

Should trouble occur in the thrust bearing, the turbine 
should not be operated until the thrust bearing can be opened 
for inspection and necessary repairs made. In order to 
know whether the bearing requires repair, you must be 
familiar with construction details and component parts. 
Study the views of the Kingsbury type thrust bearing in 
figure 2-8. 

The thrust bearing shoes and base rings can be removed 
radially for inspection or replacement without disturbing 
the rotor shaft. The base rings are removed in halves. The 
shoes are attached to the base rings. The lower half of the 
oil-control ring can be rotated and lifted out when the thrust 
bearing housing is being cleaned. 

The amount of clearance or wear in the thrust bearing 
should be measured before the thrust bearing is disassembled. 
If the readings are abnormal, or beyond the maximum al- 
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Figure 2-8. — Key parts of a turbine thrust bearing. 

lowed clearance, the shoes will have to be replaced. Nor- 
mally, only one set, either forward or aft, will need to be 
reconditioned or replaced. If the wear or defects are of a 
minor nature, the shoes and other parts can be reconditioned 
and reinstalled. 

A careful inspection should be made of all parts, and any 
bruises on the shoe faces should be removed with a scraper. 
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Slight rusting of the collar surfaces can be removed with a 
fine oilstone. A file, a scraper, or a coarse-grained oilstone 
should never be used on the thrust collar. The work should 
be performed slowly and carefully to ensure that nothing 
has been overlooked and that good results will be obtained. 

Before installation, the spare thrust shoes should be care- 
fully cleaned, inspected, and oiled. Do not use force in 
assembling a thrust bearing. If the parts do not go together 
easily an inspection should be made, because something is 
out of place and must be corrected. The thrust bearing 
housing should be bolted down before the end play is meas- 
ured. If proper readings are obtained for end play, the job 
can be considered completed. 

When the end play is too much or too little, the cause for 
the abnormal condition should be located and rectified. 
There will be no trouble encountered in the use of the manu- 
facturer's spare thrust shoes, as they are accurately machined 
and surfaced to the proper dimensions. Where the old shoes 
have been scraped and reinstalled, there is a possibility that 
too much bearing metal has been removed. In this case, 
an end play beyond the maximum clearance will be obtained. 
This situation can be prevented by taking an end play read- 
ing before disassembling the defective thrust bearing. If 
the shoes require rebabbitting and machining, refer to the 
blueprints for detailed measurements. 

When the end play is too much, however, the best proce- 
dure is to install a spare set of thrust shoes. 

Damaged thrust bearing shoes which cannot be recondi- 
tioned by the ship's force are sent to a repair activity, to be 
rebabbitted and machined. The bearing surfaces are scraped 
to an accurate surface plate and the radial edges rounded 
slightly. The work is performed in accordance with the 
directions and dimensions given by the manufacturer's blue- 
prints or instruction book. When the thrust bearing shoes 
have been returned to the ship, it is a good idea to inspect 
and measure them. Spare thrust shoes should be carefully 
cleaned, preserved, and placed in the proper stowage place. 

Scored Thrust Bearing Collar. If a thrust bearing 
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collar (or runner) is found to be badly scored or if deep rust 
pits are present, the collar should be removed for repairs. 
On most turbines the thrust collar can be removed without 
lifting the casing and without disturbing the Lower half of 
the forward journal l>earing. 

On some installations, the thrust collar ( runner) is keyed 
to the shaft and held in place with a nut and a special type of 
lock washer. From a study of figure 2-9, you can see that 
the lower half of the inner casing of the thrust bearing will 
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Figure 2—9. — A typical view of the forward end of a high-pressure turbine. 




Figure 2—10. — Assembly of thrust bearing and lower inner casing. 
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have to be removed before the thrust collar can be removed 
over the end of the shaft. The lower inner casing, together 
with the assembled thrust bearing, is shown in figure 2-10. 

The lower inner casing is removed from the outer thrust 
bearing casing (or housing) by rotating it 180° and lifting 
it from the turbine. The lower half of a journal bearing 
is removed similarly, except that a chain fall may be re- 
quired. 

The parts, as shown in figure 2-11, are removed with the 
use of special tools which are provided. The thrust collar 
can be drawn off by applying a puller to the tapped holes near 
the bore of the collar. In most cases, a spare thrust collar 
is provided and should be installed. 

When a thrust collar is to be remachined, great care should 
be taken to make the surfaces square and smooth. The 

Provide for Totol End Ploy 
Designed Cleorance -.010" tao*" 
Maximum Clearance * .020" 
Minimum Clearance ■ .007" 




Note :- 

The Axial Clearances of the Rotor 
Must be Checked with the Rotor 
moved Forward against the Thrust Bearing 
shoes. The minimum axial Clearance of the 
Rotor (not the Thrust Bearing) to be .040" 
with the Rotor in this Fbsition 

Figure 2-1 1 . — A method for securing the thrust collar to the shaft. 
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thickness should be kept exactly uniform all around, and the 
marks left by final machining or grinding should be removed 
by lapping. Normally, the thrust collar should be machined 
by a repair activity. 

Adjusting the Position of the Turbine Rotor. The 
end play of the turbine rotor is maintained by the thrust 
bearing. This end play is determined by the thickness of 
the filler piece, located between the forward base ring and 
the inner casing of the thrust bearing. 

The axial position of the turbine rotor is maintained by the 
location of the inner casing of the thrust bearing. The inner 
casing is positioned by two shims located between the inner 
casing and the outer casing (or housing) of the thrust bear- 
ing. 

The turbine rotor is set in its axial position at the factory, 
and the two shims are machined to the required thickness 
and installed. In most cases they are split and fastened to 
the inner casing of the thrust bearing. The axial position 
of the rotor is again checked when the turbine is installed. 
Under normal circumstances, there should be no need to alter 
or change the established position of the inner casing of the 
thrust bearing. 

If it becomes necessary to give greater oil clearance to the 
thrust bearings and if no repair facilities are available, the 
thickness of the filler piece may be changed. This would be 
a repair of a temporary nature and permanent repairs should 
be made as soon as practicable. When spare thrust bearing 
shoes (in good condition) are available or when thrust shoes 
can be rebabbitted, there should be no need for changing the 
thickness of the filler piece. 

If it becomes necessary to use reconditioned thrust shoes, 
the end play or oil clearance should be carefully checked. 
Where the maximum oil clearance is exceeded, corrections 
should be made. The best method is to put the worn set of 
shoes in the forward position. Care should be taken, when 
one set of shoes is badly worn, not to interchange shoes be- 
tween the forward and after sets. The worn shoes should 
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be carefully scraped and put into as good a condition as 
possible. 

When the oil clearance has been taken, the thickness of the 
shim to be added should be computed. Take, for example, 
a thrust bearing that has the following clearances : designed 
clearance 0.010 inch ; maximum clearance 0.020 inch ; mini- 
mum clearance 0.007 inch. If a reading of 0.025 inch was 
obtained, a shim of 0.015 inch should be installed. A circular 
shim should be made from a sheet of shim material. More 
than one shim may be used to obtain the proper thickness. 

The advantage of placing the shim, with the filler piece 
and the under-sized thrust shoes, in the forward position is 
that the turbine rotor will be maintained in its original posi- 
tion. Also, it is by far the easiest and quickest method for 
making an adjustment in the oil clearance of the thrust 
bearing. 

Renewal of Shaft Packings 

Under normal conditions, if it becomes necessary to repair 
or replace the main turbine shaft packing, the job will usually 
be accomplished by a naval shipyard or by another repair 
activity. 

When necessary, the outer rings of packing for most high- 
pressure turbines can be replaced by the ship's force, since 
this can be accomplished by removing the upper half of the 
packing casing. The inner packing rings cannot be replaced 
aboard ship, as it would require lifting of the turbine casing. 
Some high-pressure main turbines in the Navy have only 
labyrinth packing. Other high-pressure turbines have 
labyrinth and carbon packing in the low-pressure end. 

Where low-pressure main turbines use only labyrinth pack- 
ing, both the inner and outer packing are accessible when 
the upper half of the packing housing is removed. On low- 
pressure main turbines where carbon packing is used, this 
packing can usually be replaced by the ship's force. 

When it becomes necessary for the ship's force to replace 
the shaft packing, the detailed instructions in the manu- 
facturer's instruction book should be followed for a particu- 
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lar installation. Spare packing rings are usually provided 
in the ship's allowance of repair parts. The segments of a 
given packing ring should not be interchanged or rearranged. 
The sequence of marking on the ends of the segments should 
be followed. 

Sealing of Turbine Flange Joints Aboard Ship 

The horizontal and vertical joints of the high-pressure 
and the horizontal joints of the low-pressure main turbines 
are grooved for filling with sealing compound when the tur- 
bines are installed or when major repairs have been made 
by a shipyard. These grooves are filled only with an ap- 
proved sealing compound when the flanged joint shows signs 
of steam leakage in service. 

Two commonly used compounds are Furmanite and co- 
paltite. The use of Furmanite is restricted to temperatures 
not exceeding 425° F. Copal tite is satisfactory for temper- 
atures up to 850° F. 

When it is necessary to fill the groove, the location of all 
the tapped holes for use in filling the groove should be 
checked by referring to a manufacturer's drawing. All the 
turbine flange bolts should be tight. The pressure pumping 
grooves should be gunned when the turbine is cold, as the 
sealing compound solidifies when subjected to heat and will 
not readily flow the full length of the groove. 

A pressure gun with two nozzles and a supply of sealing 
compound is furnished the ship. Remove one end plug and 
the adjacent plug; start at one end and inject the sealing 
compound with the pressure gun until it overflows through 
the adjacent hole. Plug the first hole and attach the gun 
to the adjacent hole. Remove the threaded plug from the 
next adjacent hole and fill the next section of the groove. 
Continue in the same manner until the entire groove has 
been filled. The operation should be performed as quickly 
as practicable, so that it will be completed before the sealing 
compound hardens. When the gun is in the next to the 
last hole and the sealing compound is flowing from the end 
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hole, plug the end hole and put pressure (with the gun) on 
the whole groove. Then remove the gun and plug the last 
hole. 

Nozzle Control Valve Repairs 

The nozzle control valves for the main high-pressure 
turbine normally will operate for a long period of time 
without any maintenance or repairs; however, trouble may 
occur from time to time. The MMl or C should be familiar 
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Figure 2-12. — A turbine nozzle control valve. 
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with the detailed construction of the nozzle control valves 
installed on his ship and the types of troubles that may 
occur. 

Most nozzle control valves to the main turbine are quite 
similar in operating principle and construction. Figure 2-12 
shows the construction details of a common type of nozzle 
valve, which is located in the centerline of the turbine steam 
chest. There will be a slight difference in construction of 
the nozzle valves located on each side of the centerline. Fig- 
ure 2-13 shows enlarged sections of the nozzle valve shown 
in figure 2-12. 
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Figure 2-1 3.— Enlarged section of a turbine nozzle control valve. 

The nozzle control valves are subjected to high steam 
pressures and temperatures, and after a long period of time 
they become very difficult to remove. The valves are located 
close to each other, and this adds to the difficulty of their 
removal. The removal of the nozzle control valves from the 
main high-pressure turbine should not be attempted by the 
ship's force if the services of a repair activity are available. 
Repairs to the nozzle control valves of the main high-pressure 
turbine are generally made by a naval shipyard. 

One of the troubles that may occur to turbine nozzle 
control valves is the leakage of steam between the valve seat 
and disk. This type of defect is also common to high- 
pressure steam valves but the nozzle control valves are more 
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difficult to repair, because they have seats and disks with 
spherical contours. The valve seats and disks are carefully 
lapped to make them seat tightly, even if slightly out of 
line. A repair activity will make up special cast-iron 
lapping blocks for lapping the seats and disks. One cast- 
iron lapping block, with the same designed contour as the 
disk, is used to lap the seat. Another lapping block, with 
a concave lapping surface to match the designed spherical 
curvature, is used to lap the valve disk. When the valve seat 
and disk surfaces have been refinished, the contact surface 
between the seat and disk are checked by the use of prussian 
blue. If the valve seats or disks are badly steam-cut or 
damaged, they should be replaced. 

Foreign matter will interfere more with the operation of 
the pilot valves in the nozzle control valves than with the 
main valves. There is a possibility that the pilot valves 
may leak steam while the main valves are tight. The pilot 
valves should be inspected and repaired, as found necessary, 
when the turbine nozzle control valves are disassembled for 
repairs. The same procedures for repair and lapping apply 
to the pilot valve seats and to the disks. 

Unsatisfactory operation of the turbine nozzle valves may 
result from the valve stem sticking inside its bushings. The 
designed clearance between the valve stem and the two bush- 
ings is very small, in order to prevent a large amount of 
steam from escaping. Foreign matter and a bent valve stem 
will prevent the steam from moving freely. If a nozzle valve 
sticks it will not close properly, and steam will enter the 
turbine when the throttle wheel is in closed position. A 
sticking nozzle valve of this type must be disassembled for 
repairs. If foreign matter is the cause of the trouble, the 
valve stem and its bushings may be cleaned and restored to 
service. In some cases it may be necessary to renew the valve 
stem and the upper and lower bushings. In order to accom- 
plish repairs, the nozzle control valve will have to be removed 
from the turbine steam chest. 

Troubles have occurred where there are steam leaks in the 
upper turbine casing, between the steam chest and the tur- 
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bine. Leaks of this type are caused by steam cutting a pas- 
sageway between the nozzle valve seat and the upper half 
of the turbine casing. Such leaks are located by tests per- 
formed by a naval shipyard or other repair activity. The 
tests are made by blanking off the valve openings. The 
steam chests are partially filled with water, and compressed 
air is admitted to the interior of the turbines. If there are 
any leaks, they can be located by observing the air bubbles 
passing through the water. Repairs are made by removing 
the upper half of the high-pressure turbine casing and trans- 
ferring it to the shipyard shops for welding and machining. 
When the nozzle control valves are reassembled, the proper 
adjustments are made for the length of the valve stems 
and the proper sequence of operation of the cams. 

Routine shipboard tests will indicate whether or not there 
are any main high-pressure turbine nozzle control valve leaks. 
In case nozzle valve leaks are detected, there are no methods 
of locating the cause of the leak except by disassembling and 
inspecting the nozzle valves and steam chest. Repairs of 
this nature are normally considered beyond the capacity of 
the ship's force. (It is best that repairs of this nature be 
accomplished by a naval shipyard, as the trouble may be due 
to a leak in the high-pressure turbine upper casing or steam 
chest casting.) 

LIFTING MAIN TURBINES 

Under normal conditions, the lifting of the ship's pro- 
pulsion turbines, with the associated inspections and repairs, 
is usually done at naval shipyards. However, ships are pro- 
vided with turbine lifting gear, special tools, and repair 
parts, so that emergency repairs can be accomplished by 
tenders, repair ships, or advanced bases. 

Depending on the size and type of the turbine, it is recom- 
mended that the main turbine casings be lifted about every 
5 years. The decision as to when casings should be lifted 
will be made by BuShips. This decision will be based upon 
the past performances of the particular type of turbine, data 
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furnished by the CO of the ship, and recommendations made 
by the forces afloat. In an emergency, turbine casings may 
be lifted before permission is granted, but a detailed report 
must be promptly submitted to BuShips. 

Regulations Regarding the Lifting of Turbines 

To aid BuShips in making this decision, it is requested 
that 3 months prior to each regular naval shipyard overhaul 
(not limited or restricted availabilities) the CO submit a 
report, via the appropriate superiors in command, to 
BuShips, giving in detail the following data : 

1. A record of the turbines, main and cruising, whose 
casings have not been lifted within 5 years preceding both 
the forthcoming and the next succeeding overhaul. 

2. The specific date when the turbine casings were last 
lifted, the date when the rotor was last lifted, the date of the 
last inspection through the inspection plates and the exhaust 
trunk, and what parts of the turbine were sighted. 

3. The original bridge-gage reading, the maximum devia- 
tion since the turbine was last opened, the present reading, 
and the reading when the turbine was last opened. State the 
original clearance between fixed and moving rows of blades 
as determined by micrometer gage, taper gage, or finger piece. 
Give the present reading and the departure, if any, from the 
original reading. 

4. A statement as to whether or not the operation of the 
turbine has been and is satisfactory. 

5. A statement as to whether or not the CO believes that 
the operation of the turbine will be satisfactory for the next 
12 months. 

6. A recommendation from the CO in regard to the lifting 
of the casing. 

7. A statement as to whether or not the work is within 
the capacity of the ship's force. 

No valve, fitting, plate, or attachment, the removal of 
which will give access to the interior of a turbine, should be 
removed except on specific authority of the engineer officer. 
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When any part of the turbine is open, great care must be 
exercised to prevent any foreign substances from entering 
the casing. The turbine inspection plates should not be left 
off overnight, nor for any considerable length of time unless 
the opening is well covered. Any person inspecting the in- 
terior of a turbine should make sure that all foreign sub- 
stances, such as pencils, combs, and tools, are removed from 
the pockets of his clothing. 

Before reassembly of a turbine after it has been opened, a 
very careful examination should be made of the rotor and 
the interior of the casing for any articles left behind (chisels, 
hammers, screw drivers, etc.). This examination should be 
made (1) before the rotor is lowered into place, and (2) 
before the casing is lowered and secured in place. These 
inspections should be made by a responsible officer of the 
ship and, in case the work is being done by a naval shipyard 
or tender, a responsible officer of the assisting activity should 
also inspect. A specific entry, together with names of in- 
specting officers, should be made in the engineering log. 

After the turbine has been reassembled, oil should be circu- 
lated through the bearings, the rotor should be jacked slowly, 
and care should be taken to detect unusual sounds. Should 
any unusual noise be heard, steps should be taken to deter- 
mine and remedy the trouble before the turbine is used. 

Lifting Casing and Rotor for Inspection and Repairs 

Although shipyard personnel may supervise and are 
usually responsible for lifting casings and rotors, the MMl 
or C should have a good understanding of the procedures and 
work involved. As a ship's inspector, the MMl or C should 
see that all work being performed by a repair activity is 
satisfactory to the ship. 

Before a turbine casing is lifted, a certain amount of pre- 
liminary work has to be done. All the turbine lifting gear 
should be assembled, inspected, and inventoried a day or two 
before the work starts. Most ships have a blueprint that 
lists all turbine lifting gear placed on board ship. The 
manufacturer's instruction book and the ship's allowance 
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book can also be used for checking the turbine lifting gear. 
Ship's force should be ready to furnish this turbine lifting 
gear, which includes chain falls, special wire slings, shackles 
and other attachment clamps or pieces, casing guide pins, 
casing supports, rotor guide pieces, rotor support brackets, 
lifting bar or bracket, and other smaller items. 

Before the casing can be lifted, the guards and the flexible 
coupling between the turbine and reduction gear must be 
disassembled and removed. In case a cruising turbine rotor 
is to be lifted, the crusing turbine reduction gear also must 
be disassembled, as the pinion is part of the turbine rotor 
shaft. 

Sections of the main steam lines are disconnected from 
the turbine and removed. The crossover line from the high- 
pressure to the low-pressure turbine is disconnected and re- 
moved. Small lines may be removed from the turbine, if 
necessary. In some cases, overhead obstructions to lifting, 
such as steam lines and ventilation ducts, may have to be 
removed. If necessary, turbine heat insulation, such as 
blankets and pads, may be removed from the turbine. Some 
consideration should be given to the proper temporary stow- 
age of the various piping and material in the engineroom. 
Care should be taken to keep passageways and working areas 
as free as practicable. Damage to piping and turbine insu- 
lation and lagging should be avoided as much as possible. 
Small items such as gage lines and fittings may have to be 
protected by temporary guards. 

After the preliminary work has been completed, or in 
many cases while this work is in progress, the turbine casing 
horizontal joint bolts are removed. As a rule the vertical 
joint bolts on the high-pressure turbine are not removed 
except where repairs require the joint to be opened. Care 
must be taken to see that internal casing bolts are removed. 
The inspection opening covers carry caution plates calling 
attention to internal bolts. The bolts for the bearing upper 
housings are also removed. When disassembling main tur- 
bine casing bolts that were tightened by heat, it is important 
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that heat by a torch be applied to prevent galling of the 
threads. If there is a tendency for the joint to spring open 
at disassembly, it is good practice to lubricate the threads of 
the first few bolts that are loosened, and then retighten them 
lightly. These bolts can easily be removed last. After all 
the bolts have been removed, the casing joint can be broken 
loose by means of jack bolts. 

When a ship is built, pad eyes are installed in the over- 
head of the engineroom for the purpose of attaching chain 
falls for lifting heavy machinery such as main turbine and 
reduction gear upper casings and rotors. The manufactur- 
er's blueprints and instruction books will give detailed in- 
formation on the arrangement, number, and capacity or size 
of chain falls, wire slings, and shackles to be used for lifting 
a particular turbine casing and rotor. The lifting arrange- 
ment will usually allow the four corners of the upper casing 
to be lifted equally and in a horizontal plane kept parallel 
to the lower flange joint. Four upper casing guide pins are 




Figure 2—1 4.— lifting or lowering upper casing of a high-pressure turbine. 
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installed. If there is a scale on the guide pin, this scale 
should face outboard where it can be readily seen. The 
location of the upper casing guide pins is shown in figure 
2-14. These guide pins are used to prevent any damage to 
the turbine blading and packing rings when the upper cas- 
ing is raised or lowered. 

When lifting operations are ready to commence, men are 
assigned various jobs and stations. Under normal proce- 
dures, it will require about 10 or 12 men to raise or lower 
a main turbine casing. About 4 to 6 men operate the chain 
falls. Four men, one at each corner of the turbine casing, 
take measurement readings from the guide pins or (most 
commonly) by the use of a ruler or tape measure. One 
observer is usually stationed on each side of the turbine. 
One man supervises the whole operation. The casing is 
slowly "inched up" by chain falls, and continuous measure- 
ments are taken to ensure that the casing is level and not 
tilted. The usual procedure is to raise the casing one inch 
and stop. Then adjustments are made as necessary so that 
the height at each guide pin will be the same. After the 
casing has been leveled, it is raised another inch and the same 
checks and adjustments made. This procedure is repeated 
until the upper casing is clear of the rotor. As a safety 
measure, blocks are inserted under the upper casing flange 
as the casing is raised. 

When the upper casing of the turbine has been raised, 
it can be either removed from the turbine or secured in a 
position above the turbine. In either case the upper casing 
of the turbine is placed in a position as shown in figure 2-15. 

After the casing has been raised to a sufficient height, and 
not above the casing guide pins, the 4 upper casing supports 
are installed adjacent to the guide pins, as shown in figure 
2-15. Applicable blueprints should be on hand when a tur- 
bine is lifted, to show the exact location for installing the 
various turbine supports and guide pieces. The upper casing 
support pieces are firmly bolted to the lower and upper tur- 
bine flanges. Figure 2-15 shows a turbine opened up for 
inspection. 
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Figure 2-15. — Upper cosing and rotor on supports. 

In case the rotor, or upper casing, of a main turbine has 
to be raised for repairs or for removal, the upper casing 
is moved away from its position above the turbine. With 
the upper casing secured, as shown in figure 2-15, the rigging 
arrangement of chain falls and slings is changed and the 
casing is hoisted clear of the guide pins and supports. The 
casing is moved to a convenient adjacent location in the 
engineroom; in some cases the casing is removed from the 
ship. Where the upper casing is to be moved away from the 
turbine, the rotor will not be raised until the casing has been 
removed. (See fig. 2-15.) 

A similar procedure is used for lifting the turbine rotor 
as was used in lifting the upper casing. Four rotor guide 
pieces are attached to the lower casing of the turbine, as 
shown in figure 2-16. There are different methods of attach- 
ing the wire slings (or chain falls) to the turbine rotor. One 
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method, shown in figure 2-16, is used for smaller turbine 
rotors. Another method uses a special lifting yoke and a 
lifting plate to raise the rotor. The lifting yoke, a form of 
clamp, is attached to the forward end of the rotor shaft. 
The lifting plate, a pad eye welded to a plate, is attached 
to the after face of the shaft coupling flange. Shackles are 
attached to lifting devices so that chain falls may be used in 
lifting the rotor. 

The rotor guide pieces perform tw r o functions : when the 
rotor is being raised, the guide pieces keep it in a vertical 
plane passing through the centerline of the rotor shaft; 
machined surfaces on the inside corners of the rotor guide 
pieces prevent the rotor from moving forward or aft. These 
machine surfaces bear with a small clearance against 
shoulders on the forward and after ends of the shaft. In 
many cases, special bushings are attached to the rotor shaft. 
These bushings are located on the sections of the shaft be- 
tween the pairs of rotor guide pieces. 

After all preliminary work has been completed, the turbine 
rotor is slowly lifted from the lower casing of the turbine. 
The rotor is lifted approximately one inch and measure- 
ments taken at each end to ensure that both ends have been 




Figure 2—16. — Lifting high-pressure rotor. 
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raised the same distance. Adjustments in height are made 
as necessary. This procedure is repeated until the rotor 
has cleared the lower casing. A rotor that has been lifted 
clear of thecasing is shown in figure 2-16. 

When a turbine rotor is to be placed in its raised position, 
as indicated in figure 2-15, special securing devices are used. 
These devices are items such as rotor guide saddles, rotor 
supporting bars, rotor guide tie brackets, and rotor guide 
spacer bolts. These attachments are carefully secured in 
place so that the weight of the rotor can be properly sup- 
ported. Similar procedures are used for lifting and securing 
the low-pressure turbine rotor. 

Sealing Flang* Joints 

Care must be taken in making a turbine casing joint. 
Joints should have accurately scraped parallel surfaces, or 
the edges of large flanges may be given a clearance outside 
the bolt holes as necessary (about 0.006 inch per inch of 
flange width outside the bolt holes) to ensure all-around 
contact on the inner edges. The flanges must be scraped 
absolutely clean and then polished with crocus cloth. The 
necessity for protecting the finish of the flanges during an 
inspection and repair period should not be overlooked. 
There are several approved materials used in making the 
joints, any one of which will give satisfaction if used under 
proper conditions. 

As a jointing material, manganesite is favored by a large 
number of turbine repairmen; however, the principal ob- 
jection offered to its use is that the joint once properly made 
is sometimes hard to break. 

In preparing manganesite for use it is ground to a fine 
powder and placed in a metal container with a small quantity 
of boiled linseed oil. The mixture is then heated in a double 
boiler until the material is thoroughly dissolved in the oil 
and forms a smooth soft paste about the consistency of 
molasses. 

Both the upper and lower flanges of the casing are com- 
pletely covered with manganesite. This is done when the 
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upper casing has been lowered to a position about one foot 
above the lower casing flange. Manganesite is applied with 
a brush. The joint where the gland packing casing is secured 
to the turbine should be made up with the same care as that 
of the main turbine joint 

Graphite and boiled linseed oil are used in making turbine- 
casing joints. This mixture has about the same consistency 
as manganesite and is also applied with a brush. The same 
care must be taken with this material as with manganesite. 

Flange joints may also be made up with usudurian when 
the temperature does not exceed 425° F. This material is 
used for low-pressure turbine joints. When usudurian or 
another approved type of un vulcanized sheet-rubber packing 
is used, it should be applied in strips not more than y 2 inch 
wide and not more than Vs2 inch thick, so that it will flow 
sufficiently to prevent appreciable separation of flange faces 
when the joint is finally set up, and will withstand 
the temperature conditions and permit reasonable ease 
in breaking joints in service. After the turbine is closed and 
the securing bolts set up, the turbine is thoroughly heated 
up and the casing bolts are again set up. Usudurian is 
especially effective when the faces of flanges are not in the 
very best condition. Usudurian dissolved in carbon tetra- 
chloride may also be used as a joint compound. 

When the temperature exceeds 425° F, the use of copaltite 
in both paste and liquid forms has been found satisfactory. 
The liquid form should be used unless the flanges are in poor 
condition. With the use of this compound, there must be 
absolutely no oil or grease on the faces to be made up. It 
is recommended that the faces be cleaned with nonleaded 
gasoline. Coat both surfaces lightly with the copaltite liquid 
by brushing. Permit the compound to become tacky before 
bringing the flanged joints together. Copaltite contains 
alcohol which must be given time to evaporate. 

Copaltite is a thermosetting phenolic compound with 7 
percent alcohol added as a retardent. Thermosetting com- 
pounds have the property of deteriorating or setting in stor- 
age. Copaltite, as manufactured, has a useful storage life 
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of about one year at a temperature of 65° F. Six months 
storage at 110° F will render it unusable. The material in 
cans has a slightly longer life ; but once a container is opened 
the material deteriorates rapidly, and there is no known 
means of recovering it once it has hardened. The supply of 
copaltite on board ship should be kept as small as practical 
and frequent requisition placed for new supplies. The mate- 
rial should be kept in as cool a location as practicable. 

When casing joint compounds are applied to turbine 
flanges, care must be taken to avoid excessive amounts. It 
must be remembered that, in addition to being squeezed out 
at the outside edge of the joint, the sealing compound will 
also be squeezed out at the interior edge of the flanged joint. 
Due to close clearances, the turbine blading will strike or rub 
against any excessive amounts of compound on the inside of 
the turbine. Although no damage may be done to the blad- 
ing, there will be an abnormal noise inside the turbine for a 
short period of time when the turbine is started for the first 
time after repairs have been made. 

Care should be taken that the joint compound is not forced 
into the grooves designed for pumping in a sealing com- 
pound. These grooves should remain open when the turbine 
casing joint is bolted down. If the compound enters these 
grooves, it will harden and may prevent future pressure 
pumping if this standby method of stopping casing joint 
steam leaks becomes necessary. 

Bolting of Casing Joints 

With high steam temperatures and pressures, and because 
of higher stresses involved, it is difficult to make the hori- 
zontal joint bolting, when cold, sufficiently tight by using 
sledging or extension wrenches only. Therefore, bolts should 
be given an additional stress by heating. Practically all 
horizontal joint bolts of cruising and high-pressure turbine 
casings are drilled their full length for the application of 
heat. Heat may be applied by using an acetylene torch or 
electric heating units. A special attachment should be fitted 
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to an acetylene torch. The recommended dimensions of this 
attachment, as well as the suggested type of flame and mix- 
ture of gases, are shown in figure 2-17. 
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When the heat is applied, the flame should be moved up 
and down in the bolt to equalize the heating. Depending on 
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the lengths and diameters of the bolting, 4 to 6 minutes are 
usually required for the heating, until the nuts can be tight- 
ened in accordance with the manufacturer's instructions. 
Care should be taken not to overheat and tighten the bolts 
more than required. 

In order to prevent galling, all threads should be thor- 
oughly cleaned and lubricated before installation. Lubri- 
cants that have been found satisfactory are Crane Valve Co. 
thread lubricant No. 425, and a mixture of two parts graph- 
ite with one part red lead thinned to heavy paint consistency 
with boiled linseed oil (G. E. Compound D50A22). 

The bolts should be tightened to a stress specified by the 
manufacturer (about 40,000 psi). Direct measurement of 
the extension or elongation of the bolt is the most certain 
way of knowing the stress. This can be accomplished by 
measuring the increase in the over-all length of the bolt. 
When this is equivalent to 0.0013 inch per inch of over-all 
length, the stress will be approximately 40,000 psi. Suitable 
devices for direct measurement can be made for measurement 
through the holes in the bolts and huts. Figure 2-18 shows 
a suggested device where the hole in the nut is the same 
as the hole in the bolt, and figure 2-19 shows where the hole 
in the nut is larger than the hole in the bolt. 

All bolts should first be tightened cold to bring the 
flanged joint together solid. Each individual bolt is then 
loosened and installed handtight with a wrench. Care 
should be taken that there is a minimum length or clearance 
of 1/16 inch between each end of the bolt and the inside end 
surface of each nut, as shown in figures 2-18 and 2-19. 
A measurement of the length of each bolt is taken and re- 
corded. The bolt is heated for approximately 5 minutes. 
The upper nut is then sledged until the length of the hot bolt 
reaches the proper length as specified by the manufacturer. 
This procedure is repeated until all the bolts have been 
tightened. It is a good policy to check the readings when 
all bolts have been installed and have reached room tempera- 
ture. These readings should check with the cold reading 
as specified by the manufacturer. 
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Figure 2—1 8. — Device for measuring elongation of bolts (hole in nut is same size 

as hole in bolt). 
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If it is desired to tighten bolts without using the measure- 
ment method just discussed, another method may be used. 
This approximate method requires that the bolt be tightened 
by turning the nut a given number of flats from the handtight 
position. To assure that any warpage of the flanges is taken 
up or any excess sealing compound squeezed out, all bolts 
should be sledged reasonably tight. Each bolt should then 
be loosened and retightened, one at a time, as follows : 

L Pull up cold with hand wrench 48-in. long for 2%-in. 
bolts ; a 36-in. wrench for 2%-in. bolts ; a 24-in. wrench for 
214-in. bolts ; and an 18-in. wrench for 2-in. bolts. 

2. Mark the nut position at both ends of the bolt. 

3. Apply heat. 

4. Pull up the top nut one flat for each 10 inches of over- 
all bolt length. 

Report of Lifting 

Whenever turbine casings are lifted, the agency doing 
the work should take and record all turbine measurements 
and clearances before and after repairs. Before repairs 
are made, bladed tip clearances may be omitted if the repair 
activity considers them as unnecessary. The record should 
also include the material condition of all parts revealed when 
opened and the repairs made. The activity doing the work 
should forward this report to BuShips, and should send 
copies to the vessel concerned and to her home yard. If the 
work has been accomplished by a tender or repair ship, a copy 
of the report should be forwarded to the ship's home yard 
for record. In any event, the ship should copy all the per- 
tinent data from the report onto the Machinery History 
Card for future reference. 

Required Overhaul Checks 

Some of the important points (see fig. 2-20) to be checked 
during a major overhaul of a propulsion turbine are as 
follows : 

1. High-Pressure Buckets. Scale may be found here. 
If it is, it may be removed by washing with water. Some 
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scale must be scraped off mechanically — with emery paper. 

2. Low-pressure Buckets. Water cutting may have oc- 
curred here, particularly at the entrance edges near the 
bucket tips. If the tips are deeply eroded, it may be neces- 
sary to install new buckets. If the buckets are not replaced, 
the amount of the erosion, which can be measured by using 
a straightedge and a feeler gage, should be recorded for 
comparison at the next inspection. 

3. Water Drainage Orifices. If the low-pressure 
blades have sustained severe water cutting, these orifices will 
probably be found to be plugged so that they do not drain 
properly. The orifices should be cleaned out thoroughly in 
order to prevent water from backing up and causing further 
cutting of the buckets. 

4. Diaphragm Joints. Flow marks will be evident if 
there is leakage across the diaphragm joints. Such leakage 
usually indicates that the diaphragm is not properly seated, 
or that a new joint key is needed. In severe cases, welding 
and machining repairs may be necessary. 

5. Rotor Clearance. This should be measured and 
checked against the manufacturer's original tolerance. In 
unusual or isolated cases, the clearance of the rotor may be 
readjusted by means of two shims locating the thrust bearing 
inner casing. This work should be done by a shipyard with 
the approval of the manufacturer's representative. 

6. Bearing Clearances. If the clearance of the bearings 
is near or greater than the manufacturer's tolerance, the 
bearings should be rebabbitted. Spares should be installed 
only in an emergency. 

7. Packing Rings. Excess leakage may be taking place 
if the packing clearance is considerably greater than the 
manufacturer's tolerance. In this case it is best to install 
new packing rings to restore the original clearance. 

8. Casing Interior. If erosion is found here, it may be 
necessary in some cases to make repairs to the eroded parts, 
which sometimes can be metallized to restore as well as pro- 
tect their surface. 
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SAFETY PRECAUTIONS FOR TURBINES 



The following safety precautions for propulsion turbines 
are prescribed by BuShips and should be observed : 

1. Do not use auxiliary steam for warming up the main 
turbines. 

2. Be sure that the lubrication system is in operation 
before turning over the main engines. 

3. Keep the rotors turning over continuously while warm- 
ing up the main engines. 

4. Never fail to investigate any noise emanating from a 
turbine. 

5. Do not put way on the ship when turning over the main 
engines. 

6. If a turbine vibrates, slow it down, investigate, and 
endeavor to locate the cause. 

7. Except in an emergency, do not admit steam to an 
astern turbine until the steam to the ahead turbine has been 
secured, and vice versa. 

8. In getting under way, be sure that all steam lines are 
properly drained. 

9. When steam pressure drops, do not open the throttle 
to such an extent that the operating pressure of the steam 
is brought to a dangerously low point. 

10. Stop the engines immediately if the oil supply fails. 

11. If the throttle valve sticks, close the guarding valve 
as soon as possible. In an emergency, the guarding valve 
may be used to operate the ship. 

12. Exercise care to prevent the entry of foreign matter 
into a turbine when it is opened for inspection. 

13. Close the turbine drains about 24 hours after securing, 
and when the turbine is thoroughly cooled. 

SUMMARY 

In order to perform your job effectively, you should be 
familiar with the operation, required maintenance, and re- 
pair procedures for propulsion turbines. Refer to the 
manufacturer's instruction books for the installation in your 
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ship so that you may have detailed information on the 
turbines. 

Know what precautions must be taken with regard to the 
turbines and how to investigate causes of the more common 
operating difficulties. 

Remember that the oil clearances of the journal and thrust 
bearings are required to be checked at regular intervals and 
the readings permanently recorded on the Machinery 'His- 
tory Bearing Record Cards. 

Under normal conditions, all major repairs of main tur- 
bines will be accomplished by naval shipyards or by other 
repair activities. Even though the MM1 or C may not per- 
form major repairs himself, he should have a general knowl- 
edge of all types of repairs made to turbines. Also, for his 
own ship's installation he should have a good understanding 
of the types of repairs which should be accomplished by the 
ship's force; those which should be performed by repair 
ships; and those which require shipyard facilities. 

As an MM2 you had to be familiar with general construc- 
tion, operations, and routine maintenance of turbines. As 
an MM1 or C, your duties will require additional informa- 
tion on turbines, particularly in regard to inspections, main- 
tenance, trouble-shooting, and repairs. Detailed informa- 
tion on the main turbines of your ship will be necessary if you 
are to properly supervise personnel and perform certain 
duties related to the maintenance and repair of turbines. 
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QUIZ 



1. Why are most turbines equipped with needle valves? 

2. Under any operating condition, the maximum temperature rise 
of oil passing through any bearing should not exceed how many 
degrees? 

3. Bearing temperatures depend upon what factors? 

4. If the temperature of a bearing increases above its normal run- 
ning temperature, what should be checked immediately? 

5. If a rumbling sound comes from a turbine when it begins to 
vibrate, what should be done? 

6. The rubbing of turbine blading may result from what causes? 

7. When a sharp metallic noise is heard after a rumbling sound in 
a turbine, what is the probable cause? 

8. How often should nozzle control valves be visually checked for 
leaks? 

9. How frequently should the interior of main turbines be inspected? 

10. How frequently should the thrust bearing oil clearance be 
checked? 

11. What clearance should be investigated if an axial position in- 
dicator shows an abnormal Indication? 

12. What source of information should be first consulted regarding 
maximum and minimum allowable oil clearances on turbine 
thrust bearings? 

13. What should be done when a bearing surface is scored, or con- 
siderably worn? 

11 What should be done when a thrust bearing collar is badly 
scored? 

15. What determines the original end play of the turbine rotor? 

16. Which personnel generally replace carbon shaft packing used on 
low-pressure main turbines? 

17. What two compounds may be used for gunning grooves in turbine 
flange joints aboard ship? 

18. Why are nozzle control valves more difficult to repair than any 
high -pressure steam valves? 

19. What personnel generally make repairs which require the lifting 
of the turbine casing? 

20. Depending on the size and type of turbine, how often should the 
main turbine casings be lifted? 

21. Prior to making any recommendation concerning the lifting of 
main propulsion turbine casings, BuShips bases its decision upon 
what factors? 

22. What procedure should be followed immediately after a turbine 
has been reassembled? 
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23. What material is used for sealing low-pressure turbine joints, 
or when the temperature is below 425* F? 

24. If electrical heating units are not available, what equipment is 
recommended for heating horizontal flange bolts for hlgh-pres- 

' sure turbines? 

25. Who is responsible for taking turbine clearances whenever tur- 
bine casings are lifted? 

26. If a turbine vibrates, what procedure should be followed? 

27. When should turbine drains be closed? 
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CHAPTER 



MAIN REDUCTION GEARS 

In order to understand the operation and maintenance 
of mechanical reduction gears aboard ship, the MMl or C 
must be familiar with design principles and details of con- 
struction. To acquire this information, he should study the 
instruction books provided by the manufacturers of the 
different types of gears used by the Navy. 

REDUCTION GEAR TYPES 

Single reduction gears (with speed reduction ratios as 
high as 20 to 1) give satisfactory results on the older plants, 
which utilize low-speed turbines. However, the high-speed 
turbines of modern installations require a higher speed re- 
duction ratio. To eliminate the necessity of using exces- 
sively large main gears, the double reduction gear is 
employed. 

Power to be transmitted is not the only factor in deter- 
mining the type of reduction gear to be installed aboard a 
naval vessel. The space available, the weight involved, and 
the over-all plant economy must also be considered. 

To meet the conditions of various installations three gen- 
eral methods of arranging double reduction gears for main 
propulsions have been developed. These arrangement 
methods employ helical gearing and are referred to as (1) 
articulated type, (2) nested type, and (3) locked train type. 
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Articulated Gearing 



As shown in figure 3-1, most articulated main reduction 
gears consist of three separate pinion and gear reductions. 
There are two high-speed sets, and one low-speed set, con- 
nected by quill shafts through the low-speed pinions. This 
type of gearing has more bearings and occupies more longi- 
tudinal space in the ship than the other two types of gears. 
For equal tooth pressures and reductions, therefore, it is 
heavier than the nested type. It is also larger and heavier 
than the locked train type gear of equal speed ratio. 




Figure 3-1. — Articulated type of double reduction gearing. 



The articulated type of main reduction gears is used on 
steam-driven destroyer escorts and on some naval auxiliary 
ships. 

Nested Gearing 

The nested type reduction gear is the simplest of all 
double reduction helical gearing. The nested gearing em- 
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ploys no quill shafts and uses a minimum number of bearings 
and flexible couplings. There is a minimum distance be- 
tween the input and output coupling flanges. The helixes 
of the second reduction gear may be separated, with the first 
reduction gear between the second reduction gear rims, as 
shown in figure 3-2. In order to operate on both sides of 
the second reduction gear, the two helixes of the high-speed 




Figure 3-3. — Nested type gearing, with divided 1st reduction pinion and gear. 
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pinion and first reduction gear are separated, as shown in 
figure 3-3. 

The nested type gearing is generally used on naval aux- 
iliary or noncombatant ships. 

Locked Train Gearing 

Greater amounts of power can be transmitted within lim- 
ited space and weight requirements by the locked train gear- 
ing (fig. 3-4) than by either of the other types discussed 
above. To obtain an equal division of the load on the first 
reduction gear wheels and second reduction pinions, ex- 
tremely accurate timing of the gearing is required. In this 
type of gearing, the power is transmitted to the second reduc- 
tion gear through four first reduction gears and four second 
reduction pinions. Therefore, the power path is split four 
ways between the first reduction pinions and the second re- 
duction gear. This reduces the tooth load per inch of face, 
and the locked train gearing requires less weight and space 
than other reduction gears designed for the same horsepower. 
In the locked train gear, the first reduction gears drive the 
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Figure 3—4. — Locked train type of gearing. 
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second reduction pinions through quill shafts which impart 
some flexibility to the design, both axially and torsionally. 

Because of the cost of this type of gearing its use can be 
justified only on ships employing large concentrations of 
power. Locked train, double reduction gears are used on all 
naval combatant ships (destroyers, cruisers, battleships, and 
carriers). Figure 3-5 shows the type of main reduction 
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Figure 3—5. Main reduction gear (locked train type). 

gear used on destroyers. The reduction gears for larger ships 
are similar in construction, except that the low-speed pinions 
have individual bearing caps. 

GEAR CONSTRUCTION 

Most gearing in use at the present time is of the double 
helical type, a right- and left-hand helix being employed 
to balance out the end thrust. The helical gear produces a 
smoother action and avoids the tooth shock of spur gears. 
The involute tooth contour is universally used because, with 
this type, the action of the teeth will be unimpaired in rase 
the distance between the center lines of the gear and the 
pinion shafts is slightly increased by wear of bearings. 

In most cases, all pinions are completely machined out of 
specially heat-treated nickel-steel forgings. The gear 
wheels are of built-up construction, with the teeth cut in 
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seamless steel circular bands which are welded to steel 
spiders. The first reduction gears are generally welded on 
their respective shafts. The bull gear is usually pressed on 
the shaft against a locating shaft shoulder, secured by one 
or more keys and locked, with a locknut, on the shaft. 

Gear Casings 

The gear casing can be divided into four parts. The lower 
part is called the base section, or the lower case. It is used 
to support the bull gear, the main thrust bearing, and the 
upper parts of the main reduction gear. The intermediate 
section, called the upper case, supports the bearing housing 
for the intermediate speed pinions and gears, as well as the 
high-speed pinions. The other two parts of the gear casing 
are the main cover sections. The cover sections have inspec- 
tion ports which are covered by easily operated hinged 
plates. These ports are so located that the teeth of any pinion 
or gear can be examined without the necessity of lifting the 
main cover sections. 



Flexible Couplings 

In most Navy installations the flexible couplings are of 
the gear type in which power is transmitted through a float- 




Figure 3—6. — Gear type coupling 
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ing intermediate member with external teeth that mesh with 
the internal teeth of the driving and driven shafts. 

Figure 3-6 shows the design of the gear-type flexible coup- 
lings that connect the main turbines to the high-speed pin- 
ions of the main reduction gear. The purpose of flexible 
couplings is to provide longitudinal flexibility between the 
driving and driven shafts, and thereby permit each shaft 
to be adjusted axially and to be held, by the thrust bearing 
of the turbine and the double-helical teeth of the pinion, in 
its proper position. The couplings also allow the expansion 
of the turbine shafts, and will take care of any slight mis- 
alignment between the main turbines and the reduction gears. 

The design of the flexible couplings, which connect the first 
reduction gears and second reduction pinions, is shown in 
figure 3-7. In this case, a quill shaft of high torsional flexi- 
bility is used, as the floating member, to secure equal distribu- 
tion of the load among the several elements of the gear train. 
The quill shaft runs inside the shafts of the intermediate 
speed gear and pinion rotors. By studying figure 3-7, it can 
be seen how flexibility is obtained between the 1st reduction 
gear and the 2d reduction pinion. Construction details of 
the flexible coupling are shown more clearly in figure 3-6. 

A flexible coupling is installed in the shaft between the 
cruising turbine reduction gear and the high-pressure tur- 
bine. Figure 3-8 shows a flexible coupling which is used on 
destroyers. In this coupling, the floating member is a trans- 
versely split sleeve, having internal teeth which mesh com- 
pletely with the external teeth of the spur gears, mounted on 
the connected shaft ends. 

As far as the lubrication of flexible couplings is concerned, 
steady streams of oil from the supply passages of the adja- 
cent bearings are directed into the coupling when the reduc- 
tion gears operate. The oil is caught in the faces of the 
coupling flanges (shown in fig. 3-6). Centrifugal action 
forces oil through the horizontal holes in the flanges to the 
coupling gear teeth. Oil is discharged from the teeth into 
coupling guards and then flows into the oil drain system. 
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EFFICIENT LUBRICATION OF GEARS 

The efficient lubrication of reduction gears is of the utmost 
importance. It is essential that oil at the designated work- 
ing pressure and temperature be supplied to the gears at all 
times while they are being turned over, either with or with- 
out load. Navy symbol 2190T lubricating oil is used for the 
main reduction gears as well as for turbines. The use of 
clean, pure oil is essential to long life and successful operation 
of the gears. 

Oil must be free from all impurities, such as water, grit, 
and metal particles. Particular care must be taken to clean 
out metal flakes and fine chippings when new gears are wear- 
ing into a working fit. Lint or dirt, if allowed to remain in 
the system, will clog the oil-spray nozzles. Spray nozzles 
must be kept open at all times. Oil-spray apparatus, fitted 
for the lubrication of gears, should not be altered without 
the authority of BuShips. 

Although the lube oil strainer performs its function satis- 
factorily, it cannot trap the very fine particles which pass 
through the mesh ; the magnet doesn't get all the metal 
particles. Fine particles of metal and dirt may become em- 
bedded in the babbitt of bearings, causing scratches and 
wear on journals. Large particles of metal or dirt, when 
passing through, may score the babbitt and journal. This 
fine abrasive passing through the gear mesh acts like a lap- 
ping compound, removing metal from the reduction gear 
teeth. Clean oil must be maintained by proper purification* 

Effects of Acid and Water in Oil 

Water in the oil is extremely dangerous. Even small 
amounts soon cause pitting and corrosion of the teeth. Acid 
is equally dangerous. The oil must be tested frequently for 
water, and periodic tests should be made for acid content. 

The importance of taking immediate corrective measures 
when salt water is found in the reduction gear lubricating 
oil system cannot be emphasized too strongly. Occasionally 
gross contamination of the oil by salt water occurs when a 



80 



cooler leaks or when leaks develop in a sump which is integral 
with the skin of the ship. 

The immediate location and sealing of the leak or removal 
of the source is not enough. Steps must also be taken to 
remove the contaminated oil from all steel parts. Several 
instances are known where, because such treatment was post- 
poned (sometimes for a week or less), gears, journals, and 
couplings became so badly rusted and pitted that it was nec- 
essary for naval shipyard forces to remove the gears and 
recondition the teeth and journals. Burned-out bearings 
have resulted from salt-water contamination of the lubri- 
cating oil. 

Water, generally due to condensation, is always present 
in small amounts. Air which enters the units contains mois- 
ture. This moisture condenses when it strikes a cooler object 
and subsequently mixes with the oil. The water displaces 
oil from metal surfaces and causes rusting. Water reduces 
the lubricating value of the oil itself. Lubricating oil must 
be maintained in good condition by the proper use of the 
purifier and settling tanks. 

When the main engines are secured, the oil should be cir- 
culated until the temperature of the oil and of the reduction 
gear casing approximates the ultimate engineroom temper- 
ature that will be attained. While the oil is circulated, the 
cooler should be operated and the engine should be jacked 
continuously. The purifier should also be operated while 
the oil is being circulated, and after circulation until water is 
no longer discharged from the purifier. This procedure will 
eliminate condensation from the interior of the main reduc- 
j tion gear casing. 

If the purifier does not operate satisfactorily and have the 
correct water seal, it will not separate water from the oil. 
An additional check for the presence of water can be made 
by taking small samples of oil, in bottles, and allowing the 
samples to settle over a period of time. In taking oil 
samples, a routine procedure should be followed. 

Samples of lubricating oil should be tested at a naval 
shipyard, or similar activity, for acid, water, and sediment 
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content. Ships should take advantage of every opportunity 
to have laboratory tests made of the lubricating oil. When 
the neutralization number exceeds 0.50 the lubricating oil 
should be replaced. 

The supply of oil in the system should be replenished im- 
mediately after the oil has been renovated. The amount of 
lubricating oil in the sump should never be allowed to drop 
below the minimum allowable level. An adequate reserve 
supply of clean oil should always be maintained. 

Formation off Oil Emulsion 

With continuous use, the lube oil will increase in acidity, 
and the free fatty acids will form a mineral soap which 
reacts with the oil to form an emulsion. Once oil has emulsi- 
fied, the removal of water and other impurities becomes in- 
creasingly difficult. Even more important, however, is the 
fact that as the oil emulsifies it loses its lubricating quality. 
The formation of a proper oil film is then rendered impos- 
sible, and it will be necessary to renovate the oil. 

It sometimes happens, when a ship from the reserve fleet 
is placed back in commission, that the rust preventive com- 
pound is incompletely removed. The residue of this com- 
pound may cause serious emulsification of the lubricating 
oil. Operating with emulsified oil may result in wiping of 
the bearings, or in other damage to the reduction gears and 
turbines. Since it is extremely difficult aboard ship to de- 
stroy emulsions by heating, settling, and centrif uging, a close 
check should be made to see that such emulsions do not occur. 
At the first indication of an emulsion, the plant should be 
stopped and the oil renovated. 

Level of Oil in the Sump 

Lubricating oil is supplied to the gears from the main 
engine lubrication system, with a connection to each bearing 
and with nozzles so located that a constant stream of 
oil is directed within the gears. This contact stream of oil, 
over the gears, not only lubricates the gears but also produces 
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a cooling effect therein. Since the reduction gears are located 
directly above the lubricating oil sump tank, positive means 
should be taken to ensure that the bull gear will not dip 
into the oil. The normal oil level in the sump extends above 
the bottom of the bull gear. A sheet-metal shield, sometimes 
called an oil-excluding pan, is fitted around the lower half 
of the bull gear casing. If the gear is allowed to dip into 
the oil, the churning action of the gear will cause the oil to 
foam and to heat up. Under normal conditions, only a small 
quantity of oil comes in contact with the bull gear,- and there- 
fore no dangerous vibration and no churning effect can be 
produced. Oil from the gears is swept out of the pan by the 
bull gear and drained into the sump. 

When there is too much oil in the sump, the gear will 
churn and aerate the oil, causing a sudden increase in tem- 
perature. If this occurs, the engines must be slowed or 
stopped until the excess oil can be removed and normal condi- 
tions restored. Routine checks should be made to see that 
the lubricating oil is maintained at the proper level. Any 
sudden loss or gain in the amount of oil should be imme- 
diately investigated. 

LOCKING AND UNLOCKING THE MAIN SHAFT 

In an emergency, or in the event of a casualty to the 
propulsion machinery of turbine-driven vessels equipped 
with more than one shaft, it may be necessary to lock a pro- 
peller shaft to prevent damage to the machinery. Engaging 
the turning gear and then applying the brake is the simplest 
and most expeditious means of locking a propeller shaft while 
under way. 

Locking the Propeller Shaft 

Personnel should be trained, by means of actual drills, in 
the proper procedure of locking and unlocking the main 
shaft. Sufficient trained personnel should be available so 
that the procedure used to engage and disengage the turning 
gear while under way can be carried out carefully and 
expeditiously. BuShips requires the following procedure : 
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1. Reduce the ship's speed to approximately one-half 
full power speed or less. In case a ship has been slowed 
down, the speed should not be changed. 

2. Close the ahead throttle and open the astern throttle. 
Keep the latter open until the main shaft is stopped and 
remains in a stationary position. 

3. Record the rpm on the operating shaft (s) and the astern 
chest steam pressure on the stopped shaft 

4. Engage the turning gear (see that the main shaft is 
not moved) and immediately clamp the turning gear motor 
shaft brake. 

5. Close the astern throttle slowly. (The jacking gear 
should be observed for any possible movement.) 

6. Indicate, by means of a warning sign or an indicator 
device at the main throttle board, that the shaft is in locked 
position. 

7. Record the time when the main shaft was stopped. 
During drills, the main shaft should not remain in locked 

position longer than 5 minutes, if possible. 

The ahead throttle should not be opened when the turning 
gear is engaged; to do so would damage the turning gear, 
since the torque produced by the ahead turbines is in the 
same direction as the torque of the locked propeller shaft. 
A warning sign should be placed at the ahead throttle. This 
is done to prevent accidental opening of the throttle with 
the turning gear engaged. 

The maximum safe steaming speed with a locked propeller 
shaft should be known. Additional information regarding 
the safe maximum speed that your ship can steam with a 
locked propeller can be obtained from a table in chapter 41 
(article 41-130) of BuShips Manual. 

Unlocking the Propeller Shaft 

The recommended procedure for unlocking the main pro- 
peller shaft is as follows : 

1. Reduce the temperature of the main steam as much 
as practicable by reducing the superheat. 
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2. Note the length of time that the shaft has been in 
locked position (see step 7 in the shaft locking procedure). 

3. Bring the operating shaft (s) to the same rpm recorded 
in step 3 of the shaft locking procedure. When necessary, 
allow time for the ship to settle down at this speed. 

4. Open the astern throttle of the locked shaft until the 
astern chest steam pressure equals the value recorded in step 
3 of the shaft locking procedure. 

5. Apply a steady disengaging force to the clutch lever 
and slow r ly open the astern throttle until the clutch 
disengages. 

6. Slowly close the astern throttle, after the turning gear 
is disengaged. 

7. Release the brake on the turning gear. 

8. Remove the warning sign or change the indicating de- 
vice at the main throttle board (see step 6 of the shaft locking 
procedure) . 

9. Open the ahead throttle and slowly bring the main 
shaft up to the speed required for the operation of the ship. 

Caution. If the shaft has been in locked position more 
than 5 minutes, the turbine rotors may have become bowed, 
and special precautions must be taken when unlocking it. 
The procedure outlined in the following paragraphs is 
recommended : 

Before the shaft is allowed to rotate, men should be sta- 
tioned at the turbines to check for any abnormal vibration 
and listen for any unusual noises or sounds. 

When the turning gear has been disengaged, the astern 
throttle valve should be slowly closed. This action will allow 
the shaft to turn because of the torque produced by the 
propeller passing through the water. If vibration indicates 
a bowed rotor in one of the turbines, the shaft should be 
immediately stopped, or slowed, by means of the astern 
throttle valve. 

If the operation of the ship at such a slow speed is not 
practicable, another procedure for straightening a bowed 
rotor must be followed. The affected shaft should be braked 
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by using the astern throttle to reduce the turbine speed to 
the point of little or no vibration. During this interval the 
ahead throttle valve should be cracked to permit some steam 
flow in the ahead direction. This will aid in the warming 
up and straightening of the shaft. In order to avoid having 
an excessive exhaust temperature, it is desirable to have a 
low steam temperature. 

As the vibration of the rotor is reduced, the astern valve 
should be closed gradually in order to allow the rotor speed 
to increase. When the vibration disappears, the astern valve 
should be closed. The turbines are now ready to operate 
in a normal manner. 

ABNORMAL SOUNDS AND VIBRATION 

On multishaft turbine-geared vessels, unusual noise may 
occur at low shaft rpm when maneuvering or during passage 
in very shallow water. These noises do not result from any 
defect in the propulsion machinery and will not occur during 
normal operation. A rumbling sound which occurs at low 
shaft rpm is generally due to the low-pressure turbine gear- i 
ing floating through its backlash. The rumbling and thump- 
ing noises which may occur during maneuvering, or during 
operation in very shallow water, are caused by a torsional 
vibration initiated by the propeller. 

Noises referred to above are characteristic only of some 
units and should be regarded as usual sounds for these units. 
These sounds will disappear with a change of propeller rpm 
or when the other causes mentioned above are no longer pres- 
ent. The noises can usually be noticed in destroyers when 
the engines are reversed and the ship is backing slowly in 
ground swells or in a choppy sea. 

Abnormal Sounds 

A properly operating gear has a definite sound which the 
trained operator can easily recognize. At different speeds 
and under various operating conditions, the operator should 
be familiar with the normal operation of the gears aboard his 
ship. 
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In the event of any abnormal sounds or noises, an investi- 
gation should be made immediately. In making an investi- 
gation, a great deal will depend upon how an experienced 
operator interprets the sound or noise heard. 

The readings of lube oil pressures and temperatures may 
or may not be of any assistance in determining the reason (s) 
for abnormal sounds. A burned-out high-speed pinion 
bearing, or a burned-out main thrust bearing, can be detected 
by a rapid rise in oil temperature for the individual bearing. 
A certain sound or noise may indicate misalignment or im- 
proper meshing of the gear teeth. 

In either of the above-mentioned cases (a burned-out bear- 
ing or trouble with the gear teeth), the main propeller shaft 
should immediately be stopped and locked. An inspection 
should be made to determine the cause of the abnormal sound 
or noise. The trouble should be remedied before the reduc- 
tion gear is placed back in operation. 

In the case of a normal operating reduction gear having 
unusual noises caused by conditions which are minor in na- 
ture, the gear should be operated cautiously and under close 
supervision by experienced personnel. An investigation 
should be made, as soon as practicable, to determine the cause 
of the unusual noise. Upon discovery of the trouble, ap- 
propriate action should be taken to remedy the condition. 

Vibration 

If the main reduction gear vibrates, a complete investiga- 
tion should be made, preferably by a naval shipyard. 
Vibration is caused by bent shafts, by damaged propellers, 
and by improper balance. It must be remembered that when 
the units are built, the gear wheels are carefully balanced 
(both statically and dynamically) . Unbalance in the gear 
is manifested by unusual vibration and noise, or by unusual 
wear of bearings. 

A sudden or gradual vibration in a reduction gear that 
has been operating satisfactorily for a long period of time 
can generally be attributed to a cause outside of the reduction 
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gear. The turbine rotors, rather than the gears, are more 
likely to be out of balance. 

In cases where the ship has been damaged, vibration of 
the main reduction gear may result from misalignment of the 
turbine, the main shafting, or the main gear foundation. 

When vibration occurs within the main reduction gear, 
trouble or damage to the propeller should be one of the first 
things to be considered. The vulnerable position of pro- 
pellers makes them more liable to damage than other parts 
of the main plant. Bent or broken propeller blading may 
transmit vibration to the main reduction gear. Propellers 
also may become fouled with line and steel cable. 

MAINTENANCE OF REDUCTION GEARS 

Under normal conditions, all repairs and major items of 
maintenance work on main reduction gears should be ac- 
complished by a naval shipyard. When the services of a 
shipyard are not available, emergency repairs should be 
accomplished (where possible) by a repair ship or advanced 
base. Minor inspections, checks, and repairs should be ac- 
complished by the ship's force. 

Material History 

It is of utmost importance that the Material History con- 
tain a complete record of the installation from the time of 
commissioning. Complete installation data as furnished by 
the contractor should be entered on the Machinery History 
Cards by the ship's engineering personnel when the ship is 
at the contractor's yard. This should include the crown 
thickness readings and the clearances of the original bear- 
ings, the thrust settings and clearances, and the backlash 
and root clearances for gear and pinion teeth. It is essen- 
tial that this information be available when the alignment 
is subsequently checked. 

An accurate record of all repairs, adjustments, readings, 
and casualties should also be kept on the Machinery History 
Cards. 
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All original bearing data, as well as all routine bearing 
measurements, should be entered on the Bearing Record 
Card of the Machinery History. A separate card is made 
out for each main thrust bearing. 

Bearings 

Under normal conditions, the main reduction gears will 
not need new bearings or other repairs for an indefinite 
period. If abnormal conditions or bearing casualties occur, 
the naval shipyards will generally perform all major repairs 
and adjustments. In emergencies, other than when major 
damage to the gears themselves has resulted, repair ships 
and tenders, or advanced repair bases, may make the neces- 
sary repairs. 

Approximately 50 percent of the number of bearings in- 
stalled in the main reduction gear are carried as spares. 
Usually each bearing of the above groups is interchangeable 
and may be used for either the port or starboard gear set. 

Special tools and equipment are normally provided on 
board ship for (1) lifting the main reduction gear covers, 
(2) handling the pinion when removing or replacing pinion 
bearings, (3) making the required measurements, and (4) 
rebabbitting bearings (on large ships). 

The special tools and equipment should be available aboard 
ship in case repairs have to be made by repair ships or at 
advanced bases. The manufacturer's instruction book, 
which gives detailed information regarding repairs to be 
made to reduction gears, is also furnished aboard each ship. 

Bridge gages are no longer used to check bearing wear of 
the main reduction gears. When necessary, the crown thick- 
ness method is used. 

A bearing shell is classified as having a pressure-bearing 
half and a nonpressure-bearing half, when referred to the 
ahead position. The nonpressure-bearing half will have a 
radial scribe line at one end of the geometric center. The 
pressure-bearing half of all main reduction gear shells has 
three radial scribe lines on each end of the bearing shell. 
One of these scribe lines is located at the geometric center of 
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the shell and the remaining line intersects the center scribe 
line at a 45° angle. This marking, on all service and spare 
shells, permits the spare shells to be marked at the factory 
and will be suitable for use on port and starboard gears. 

The crown thickness of each shell at these points should be 
measured with a micrometer at 1% inches from the end of the 
shell. These measurements will be recorded during the 
initial alignment and should be permanently marked ad- 
jacent to each scribe line. 

The amount of bearing clearance should not be allowed to 
become sufficiently great to cause incorrect tooth contact. 
The designed clearances for bearings are given in the manu- 
facturer's instruction book. These clearances are also shown 
on the blueprints for the main reduction gears. In deter- 
mining the maximum allowable clearance of bearings, chap- 
ter 40 of BuShips Manual can be used as a guide. 

On a multishaft ship, if a main reduction gear bearing is 
wiped, the preferred procedure (if practicable) would be to 
secure the shaft and reduction gear until the units can be 
inspected and repaired by a repair activity. 

By observing figures 3-5 and 3-7, it can be seen that it 
would be a major undertaking to replace bearings in the 
main reduction gear. In case of a casualty such as the loss 
of lubricating oil, the high-speed pinion shaft bearings are 
more apt to wipe than other main gear bearings. These 
shafts, which are coupled to the high-pressure and to the 
low-pressure turbines, will have a higher rotary speed than 
the other shafts in the reduction gear. 

Assume, for example, that the after bearing for the out- 
board (lower) intermediate speed (2d reduction) pinion has 
been wiped because of an obstructed oil passageway. This 
would be the bearing on the left end of the shaft (or assem- 
bly) shown in figure 3-7. 

Before attempting repairs, the first step would be to study 
the manufacturer's instruction book and blueprints for the 
reduction gear. The MMl or C must have a clear under- 
standing of the construction details and repair procedure? 
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before starting a repair job, and be able to decide whether or 
not the repair work should be attempted. Other factors 
which must be considered are the location of the ship, the 
available Navy repair activities, and the operational sched- 
ule of the ship. In addition, a check is made to see that the 
required repair parts are on board. 

In making repairs, the first step is to pump the lube oil 
from the sump. A section of the main reduction gear cover 
should be removed by means of chain falls and wire slings. 
(Larger ships have individual bearing caps for the two inter- 
mediate-speed pinion bearings.) Before any bearing cap is 
disturbed, the propeller shaft must be locked rigidly. 

Precautions should be taken not to disturb the location of 
the intermediate-speed pinion and gear assembly. The shaft 
should not be lifted or jacked so that the gear teeth become 
unmeshed. If this is done or if the intermediate-speed group 
of gears is removed, it will become necessary to follow a de- 
tailed and complicated method in order to reassemble and 
time the gears. The setting up of the locked train gear sys- 
tem is done at the factory and at naval shipyards. 

After the bearing cap has been removed, the defective 
bearing can be moved into position by means of the bearing 
strap wrench. The upper half of the bearing is removed 
and inspected. The lower half of the bearing is rolled out, 
with the aid of a dummy bearing. The dummy bearings are 
semiannular steel blocks carefully machined to properly 
support the rotating elements when the journal bearings are 
out. Dummy bearings to be rolled under the journals should 
be clean and well oiled. The dummy bearing is rolled in 
place at the same time that the lower bearing is removed. 

The journal surface of the shaft should be carefully in- 
spected and cleaned as often as necessary. The spare bearing 
should also be cleaned and inspected. The crown thickness, 
as measured at the factory, is stamped on the spare bearing. 
For entry purposes, these measurements should be copied on 
the Machinery History Card. The measurements of the 
spare bearing should be compared with those of the original 
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bearing and with the specifications found in the manufac- 
turer's instruction book. 

The spare bearing should also be well oiled. The lower 
half of the bearing can be rolled into place and the dummy 
bearing removed. The upper half is placed in position and 
the complete bearing is shifted into its regular position by 
means of the strap wrench. Care should be taken to see 
that the bearing and its key are in the required position, in 
accordance with the manufacturer's instructions. The bear- 
ing cap, or assembly, can then be lowered into position and 
securely bolted down. 

The other shaft bearings must also be taken into consid- 
eration. The other bearing for the pinion, as shown in figure 
3-7, may be damaged as a result of excessive wear. If the 
end bearing fails, that end of the shaft assembly will raise 
up and away from the bull gear and an abnormal load will be 
placed on the adjacent bearing. The other pinion bearing 
should be opened and inspected. The bearing should be 
checked with a micrometer, using the crown thickness 
method. The readings should be compared with the original 
readings listed on the Machinery History Card and the 
amount of tolerance allowed, in accordance with manufac- 
turers' instructions. If excessive wear is indicated, the bear- 
ing should be replaced with a spare. If time and conditions 
permit, the other bearings for the shaft assembly should be 
inspected and measured. 

In determining the condition of the other bearing, a great 
deal depends upon the type of casualty that has occurred. 
If there is a loss of lubricating oil, the high-speed pinion 
bearings are first checked. If these bearings are in good 
condition, it is possible that the other reduction gear bear- 
ings are not damaged. However, after the casualty has been 
corrected, a close watch should be maintained on all bearings. 

When the reduction gear is opened, every precaution 
should be taken to keep out dirt and other foreign matter. 
The repair personnel should remove all loose articles from 
their clothing. Foreign particles can be removed from the 
bull gear case with a hard-woven line wrapped in a bed 
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sheet. The line is placed around the bull gear in a hori- 
zontal position, between the gear and oil pan. With a man 
holding each end of the line, start the turning gear and 
roll the bull gear until the line passes completely around 
from one side of the pan to the other. Repeat this operation 
in the opposite direction. During this sweeping operation, 
care should be taken to see that the gears have sufficient 
lubrication and that no foreign material is forced in between 
the bull gear teeth. Before the reduction gear is closed, 
a careful inspection should be made to see that the inside 
of the gear is free of all dirt, foreign matter, and tools. 

Gmar Teath 

Wear-In op Gears. Gears which have been realigned, or 
new gears, should be given a wearing-in run at low power 
before being subjected to the maximum tooth pressure of full 
power. 

Tooth Contact. For proper operation of the gears, it is 
essential that the total tooth pressure be uniformly dis- 
tributed over the total area of the tooth faces. This is ac- 
complished by accurate alignment, and adherence to the de- 
signed clearances. 

The designed center-to-center distance of the axes of the 
rotating elements should be maintained as accurately as prac- 
ticable, but in all cases the axes of pinions and gear shafts 
must be parallel. If the shafts are not parallel, the load 
is concentrated on one end of a helix ; the result may be flak- 
ing, galling, pitting, feather edges on teeth, deformation of 
tooth contour, or breakage of tooth ends. 

Tooth Contour. The designed tooth contour must be 
maintained. Teeth are designed for a rolling contact, and 
if the contour is destroyed a rubbing contact, with consequent 
danger of abrasion, takes place. 

Backlash. This is the play between the surfaces of the 
teeth in mesh on the pitch circle. Backlash increases with 
wear, but can increase considerably without causing trouble. 

Tooth Surface Wear. If proper tooth contact is obtained 
when the gears are installed, the initial wearing which takes 
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place under conditions of normal load and adequate lubrica- 
tion will smooth out roughnesses and inequalities, and will 
result in a polished condition of the teeth. As long as 
operating conditions remain normal, no further wear will 
occur. This initial wear is referred to as normal wear or 

RUNNING-IN. 

Small, shallow pits, about the size of a pinhead or even 
smaller, and starting near the pitch line, will frequently 
form during the initial stage of operation. This is known as 
initial pitting; in many cases the pits can be seen only 
under a magnifying glass. These pits are not detrimental, 
and usually disappear in the course of normal wear. 

Pitting which is progressive and continues at an increasing 
rate is known as destructive pitting. The pits are fairly 
large and are relatively deep. Destructive pitting is not 
likely to occur under proper operating conditions, but could 
be caused by excessive loading, too soft material, or improper 
lubrication. Since gears for turbine drives are well designed 
and manufactured to high standards, it will usually be found 
that when this type of pitting occurs it is due to misalignment 
or to improper lubrication. 

The condition in which groups of scratches appear on the 
teeth normal to the pitch line — that is, from bottom to top 
of the tooth — is termed abrasion, or scratching. It may be 
caused by inadequate lubrication, or by the pressure of for- 
eign matter in the lubricating oil. When abrasion or 
scratching is noted, the lubricating system and the gear 
spray fixtures should immediately be examined. If it is 
found that dirty oil is responsible, the system must be 
thoroughly cleaned and the whole charge of oil centrif uged. 

The term scoring denotes a general roughening of the 
whole tooth surface. Scoring marks are deeper and more 
pronounced than scratching and they cover an area of the 
tooth, instead of occurring haphazardly, as in scratching or 
abrasion. In some cases, small areas of scoring occur in the 
same position on all teeth. Scoring usually results from in- 
adequate lubrication, or from inadequate lubrication aggra- 
vated by dirty oil. If these conditions are not remedied, 
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continued operation' will result in a general disintegration 
of the tooth surfaces. 

Root Clearance 

The designed root clearance with gear and pinion operat- 
ing on their designed centers can be obtained from the man- 
ufacturer's drawing or blueprint The actual clearance can 
be found by taking leads or by inserting a long feeler gage 
or wedge. The actual clearance should check with the de- 
signed clearances; if the root clearance is considerably 
different at the two ends, the pinion and gear shaft will not 
be parallel. Provided there is still sufficient backlash, and 
that the teeth are not meshed so closely that lubrication is 
adversely affected or that clearance is reduced below specified 
limits, the tolerance will be satisfactory. 

Alignment of Gear Teeth 

When the gear and the pinion are parallel (axes of the 
two shafts are in the same plane and equidistant from each 
other), the gear train is aligned. In service the best indica- 
tion of proper alignment is good tooth contact and quiet 
operation. 

The length of tooth contact across the face of the pinions 
and gears is the criterion for satisfactory alignment of re- 
duction gears. To check the length of tooth contact, the teeth 
should be coated with prussian blue, or with copper sulphate, 
and the gears rolled together with sufficient torque to cause 
contact between the meshing teeth. After the tooth contact 
has been determined, the coating should be completely re- 
moved to prevent possible contamination of the lubricating 
oil. 

Spotting Gear Teeth 

Any abnormal conditions which may be revealed by opera- 
tional sounds or by inspections should be rectified with the 
least practicable delay. Rough gear teeth surfaces should be 
stoned smooth if it is certain that the roughening was caused 
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by the passage of some foreign object- • Any deterioration of 
a tooth surface which cannot be traced directly to a casualty 
of that nature should be investigated with special attention 
to the condition of the bearings, to lubrication, and to the 
possibility of a change in the supporting structure which has 
disturbed the parallelism of the rotors. 

When surfaces of reduction gear teeth are spotted in, the 
pinion teeth are treated with a light coating of prussian blue 
(or copper sulfate). The gear is turned in its ahead direc- 
tion of rotation by means of the jacking gear. As the gear 
teeth come in contact with the marked pinion teeth, an im- 
pression is left on the high part of the gear tooth. After the 
gear is rotated 14 of a turn, or is in a convenient position for 
stoning, all the high spots, as indicated by the marking, are 
removed by a small handstone. It will be necessary to replace 
the bluing on the pinion teeth repeatedly, but if the bluing.is 
overcoated, false impressions will be left on the gear teeth. 

A satisfactory tooth bearing has been obtained when at 
least 80 percent of the axial length of the working face of 
each tooth is in contact, distributed over approximately 100 
percent of the face width. 

Remember that gears should be stoned only to remove a 
local hump or deformation, but not to remove deep pitting or 
galling. 

Alignment of Gear and Shafting 

Under normal conditions all alignment inspections and 
checks, with the associated corrective repair work, are accom- 
plished by naval shipyards. Incorrect alignment will be in- 
dicated by abnormal vibration, noise, and wear of the main 
reduction gear. If misalignment is indicated, a complete 
and detailed inspection should be made by skilled technicians 
and repair personnel. 

Main reduction gear. Heretofore, block, taper, and tel- 
escopic gages have been furnished as a means of checking 
alignment of the component parts of the main reduction 
gear against various constants supplied by the manufac- 
turer. These various methods have been replaced by the 
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Proof Staff Method used by naval shipyards. Detailed in- 
formation concerning this method may be obtained by re- 
ferring to chapter 42 of BuShips Manual, or to the manu- 
facturer's instruction book. 

Main propeller shafting. In order to get an accurate 
check of the propulsion shafting alignment, two sets of 
measurements should be obtained. One set of readings is 
taken with the ship in drydock and another set of readings 
is obtained when the ship is waterborne under a normal load- 
ing' condition. The main shaft coupling is disconnected and 
marked. Four measurements are taken each time for each 
coupling (the top, bottom, and both sides) . The main shaft 
is turned so that a set of readings can be taken with the shaft 
in four different positions. The condition of alignment of 
the main shaft can be determined by studying the compiled 
data of the different measurements taken. The naval ship- 
yard will decide whether or not corrections in alignment are 
necessary. 

Turbine shafting. The flexible coupling is supported 
and aligned by two bearings, one at the end of the turbine 
and another on the gear case. These bearings must be set 
so as to maintain the most accurate alignment, both as to 
the centering and the allowance for a small change in position 
of alignment, while running. Any inaccuracy in setting, 
as well as poor balance in the coupling itself, will cause 
pounding and excessive wear of the bearings. If the align- 
ment is affected by temperature, or strain of the gearing, 
compensating adjustments should be made, or the seating 
properly braced and strengthened. 

In most cases, the manufacturer's instruction book will 
give information on methods of checking the alignment of 
the turbine shafting. 

CHECKING THE MAIN THRUST BEARING 

This chapter will give you general information on the 
different methods of taking end play readings for the main 
thrust bearing. In regard to your own ship, detailed infor- 
mation on allowable tolerances and procedures for taking 
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thrust bearing readings can be obtained from the manufac- 
turer's instruction book. 

End play checking of a 6- or 8-shoe bearing must always 
be done with the upper half of the housing solidly bolted 
down, since otherwise the base rings could tilt under the free- 
dom given by the leveling plates, and a false reading would 
be obtained. 

A record of the end play measurements should be kept in 
the Machinery History and referred to when checking the 
main thrust bearing. The normal wear of a pivoted shoe- 
type thrust bearing is negligible even with years of use. 
However, when new, there may be slight settling of the level- 
ing plates of a 6- or 8-shoe bearing. Any noticeable increase 
in the end play indicates that the thrust shoe surfaces should 
be examined, and repairs made if necessary. 

In most cases, a port is provided in the main thrust bear- 
ing cap over the thrust shoes, for inspection purposes. This 
port has a removable cover and is of such size that it will 
permit the withdrawal of the pair of ahead and astern thrust 
shoes located (by means of the turning gear) in line with it. 

Checking the End Play While Running 

The simplest method of checking end play is to use a suit- 
able measuring instrument on any accessible part of the pro- 
peller shaft while running the turbine slowly ahead and 
astern. This would normally be accomplished at the end 
of a run when the ship is maneuvering to approach her pier, 
before the machinery and shaft are cold. The speeds should 
be slow to avoid adding deflections of bearing parts and 
housing to the actual end play. However, the speeds should 
be sufficient to overcome the rake of the shaft and to ensure 
that the full end play is actually taken up. The method of 
applying this procedure will depend somewhat on the type 
of bearing, as follows : 

Micrometer at forward end of thrust bearing. Most 
ships have the main thrust bearing located at the forward 
end of the main reduction gear. The main thrust bearing is 
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actually constructed as a component part of the reduction 
gear. A spring-loaded pin gage is provided in the thrust 
bearing end cover housing. A micrometer depth gage is 
used to measure the end play. The installed pin gage cover 
is removed. The anvil of the depth gage is placed on the 
machined surface of the installed pin gage housing. The 
micrometer is carefully turned so that the spindle pushes 
the installed pin against the main shaft. All slack must be 
taken up, but excessive force must not be used, as it will lift 
the micrometer anvil from the machined surface. Another 
reading is similarly taken with the main shaft operating in 
the opposite direction. The difference between the two read- 
ings (forward and astern thrusts) is the end play. 

Indicator on shaft flange or shoulder. On some ships, 
particularly on turboelectric driven ships, different methods 
must be used to measure the end play of the main thrust 
bearing. The end play is measured by means of a dial indi- 
cator, mounted on a rigid support close to any convenient 
coupling flange. Occasionally the shaft may have a shoulder 
turned on it for the sole purpose of applying a dial indicator. 
Care must be taken to see that a flange surface is free from 
paint, burrs, and rust spots. The flange surface should also 
be well oiled in order to prevent damage to the dial indicator. 

Jacking on Shaft Flange 

If it is not feasible to measure the end play while running, 
the next choice is to jack the shaft fore and aft at some con- 
venient main shaft flange. 

A dial indicator, or a micrometer depth gage, may be used 
as explained in the preceding paragraphs. Make certain 
that the shaft movement is free; guard against overdoing 
the jacking force, however, to avoid adding the deflections 
of metal parts to the actual end play. The readings are 
taken in a manner similar to that previously described. The 
difficulty regarding the use of the jacking method is finding 
suitable supports where no structural damage will be incurred 
in jacking against a main shaft flange coupling. 
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Jacking by Moans of Thrust End Plat* 

With a 6- or 8-shoe bearing at the forward end of the 
reduction gears, the end play may be measured in the thrust 
bearing itself. A circular adjusting liner or filler piece is 
enclosed in the housing bore between the end cover plate and 
the forward base ring. The end cover and filler piece should 
be removed and a specially made dummy filler, at least y 8 - 
inch thicker than the regular filler, is substituted. The 
dummy must be smooth and flat and of uniform thickness, 
accurately measured and recorded. 

With the dummy filler in place of the regular filler, re- 
place the end cover, then tighten the bolts evenly all around, 
using a hand wrench. Draw up the housing bolts until 
the thrust collar bears hard on the astern thrust shoes, and 
the space between the end cover flange and the face of the 
housing is uniform all around. Using feelers, measure 
the air gap at several points between the end cover and the 
housing flange, and equalize the air gap all around, with 
the cover bolts evenly tightened. From the thickness of the 
dummy filler subtract both the thickness of the regular 
filler and the air gap. The remainder is the end play. If 
the filler piece has been shimmed and the shims have been 
removed with the filler, the thickness of the shims must natu- 
rally be taken into consideration when calculating the end 
play. 

TESTS AND INSPECTIONS 

The tests and inspections mentioned here are the minimum 
requirements only. Where defects are suspected, or operat- 
ing conditions so indicate, inspections should be made at 
more frequent intervals. 

To open any inspection plates or other fittings of the main 
reduction gear, permission should first be obtained from the 
engineer officer. Before replacement of an inspection plate, 
connection, fitting, or cover which permits access to the gear 
casing, a careful inspection must be made to ensure that no 
foreign matter is present in the casing or oil lines. Inspec- 
tions should be recorded in the engineering log, with the 
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name of the CPO or officer who witnessed the closing of the 
inspection piste. 

Routine Inspections 

a. Daily — at anchor. Jack gears so that the main gear 
shaft is moved 1% revolutions. This jacking should be done 
with lubricating oil circulating in the system. 

b. Quarterly. The following tests and inspections 
should be made: 

(1) . Sound with a hammer, holding down bolts, ties, and 
chocks to detect signs of loosening of casing fastenings. 

(2) . Open inspection plates, inspect gears and oil-spray 
nozzles. Wipe off oil at different points and note whether 
the surface is bright, or if already corroded, whether new 
areas are affected. 

(3) . Inspect the strainers for the oil-spray nozzles to see 
that dirt or sediment has not accumulated therein. 

(4) . Take and record main thrust bearing readings. 

c. Every 5 years. When conditions warrant or if trouble 
is suspected, a work request may be submitted to a naval 
shipyard to perform a 5-year inspection of the main reduc- 
tion gears. This inspection includes clearance readings of 
bearings and journals ; alignment checks and readings ; and 
any other inspections, tests, or maintenance work that may 
be considered necessary. 

d. When occurring. If the ship's propeller strikes 
ground or a submerged object, a careful inspection should be 
made of the main reduction gear. In this inspection, the 
possible misalignment of the bull gear and its shaft should 
be taken into consideration. Where practicable, a naval ship- 
yard should be requested to check the alignment and con- 
centricity of the bull gear. 

Naval Shipyard Overhaul 

Inspect condition and clearance of thrust shoes to ensure 
proper position of gears. Inspect thrust collar, nut, and 
locking device. Inspect flexible couplings between turbines 
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and reduction gears; remove sludge deposits and, if neces- 
sary, stone the surfaces. 

Full Power Trials 

The correction of any defects disclosed by regular tests and 
inspections, and the conscientious observance of the manu- 
facturers' instructions, should assure that the gears are ready 
for full power at all times. 

Before Trials. In addition to inspections which may be 
directed by proper authority, open the inspection plates, 
examine the tooth contact, the condition of the teeth, and 
the operation of the oil-spray nozzles. It is not advisable to 
open gear cases, bearings, and thrusts immediately before 
trials. 

After trials. In addition to the inspections which may 
be directed by proper authority, open the inspection plates, 
and examine the tooth contact and the condition of the teeth 
to note changes that must have occurred during the trials. 
Running for a few hours at high power will show any pos- 
sible condition of improper contact or abnormal wear that 
would not have shown up in months of operation at lower 
powers. 

Check the clearance of the main thrust bearing. 

SAFETY PRECAUTIONS 

1. If there is churning or emulsification of the oil in the 
gear case, the gear must be slowed down or stopped until 
the defect is remedied. 

2. If the supply of lubricating oil to the gears fails, the 
gears should be stopped until the cause can be located and 
remedied. 

3. When bearings are overheated, gears should not be 
operated, except in extreme emergencies, until bearings have 
been examined and defects remedied. 

4. If excessive flaking of metal from the gear teeth occurs, 
the gears should not be adjusted, except in case of emergency, 
until the cause has been determined. 

5. Unusual noises should be investigated at once, and the 



102 



gears should be operated cautiously until the cause for the 
noise has been discovered and remedied. 

6. No inspection plate, connection, fitting, or cover which 
permits access to the gear casing should be removed without 
specific authority of the engineer officer. 

7. The immediate vicinity of an inspection plate joint 
should be kept free from paint and dirt. 

8. When gear cases are open, precautions should be taken 
to prevent the entry of foreign matter. The openings 
should never be left unattended unless satisfactory tempo- 
rary closures have been installed. 

9. Lifting devices should be inspected carefully before 
being used and should not be overloaded. 

10. Naked lights should be kept away from vents while 
gears are in use (the oil vapor may be explosive). 

11. When ships are anchored in localities where there are 
strong currents or tides, precautions should be taken to lock 
the main shafts. 

12. Where the rotation of the propeller may result in 
injury to a diver over the side, or in damage to the equip- 
ment, propeller shafts should be locked. 

13. When a vessel is being towed, the propellers should 
be locked, unless it is permissible and advantageous to allow 
the shafts to trail with the movement of the ships. 

14. In case a shaft is allowed to turn or trail, the lubrica- 
tion system must be in operation. In addition, a careful 
watch should be kept on the temperature within the low- 
pressure casing of the turbines to see that windage tempera- 
tures cannot be built up to a dangerous degree. This can be 
controlled either by the speed of the ship or by the vacuum 
maintained in the main condenser. 

15. The main propeller shaft must be brought to a dead 
stop position before the clutch of the turning gear is engaged. 
(If the connecting shaft to the high-speed pinion of the.high- 
pressure turbine is revolving at considerable speed, the jack- 
ing gear will be damaged.) 
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16. When locking a main shaft, precautions must be 
taken to quickly and securely apply the brake to the jacking 
gear. (If there is a delay in applying the brake or if the 
brake is not secured properly, the jacking gear may begin 
to rotate with the main propeller shaft. If this occurs, the 
jacking gear will be damaged because of excessive speed. 
Reduction ratios as high as 16,000 to 1, between the propel- 
ler shaft and the turning gear motor, are used.) 

17. When a main shaft is to be unlocked, precautions must 
be taken to disengage the jacking gear clutch before releas- 
ing the brake. (If the brake is released first, the jacking 
gear may begin to rotate with the main shaft. This may 
result in damage to the jacking gear as well as injury to 
personnel.) 

18. In an emergency, where the ship is steaming at a 
high speed, the main propeller shaft can be stopped and 
held stationary by the astern turbine until the ship has 
slowed down to a speed where the main shaft can be safely 
locked. 

19. Where there is a limiting maximum safe speed at 
which a ship can steam with a locked propeller shaft, this 
speed should be known and not exceeded. 

20. When the main turbines are to be jacked, a check 
should be made to see that the turning gear is properly lu- 
bricated. (Many ships have a valve in the oil supply line 
leading to the turning gear. The operator should see that 
this valve is open before attempting to put the turning gear 
in service.) 

21. It should be definitely determined that the turning 
gear has been disengaged before the main engines are started. 

SUMMARY 

The efficient lubrication of reduction gears is of utmost 
importance. Inspections of the reduction gears will readily 
indicate whether or not pure lubricating oil has been used. 
Conditions such as dirty oil, water in the oil, or condensa- 
tion will cause rust to appear on the gears and pinions. Rust- 
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ing and pitting of gears can be prevented by jacking 1% 
turns daily and covering the gears with oil when they are 
not in use. 

Particular care must be taken to clean out metal flakes 
and fine chipping when new gears are wearing into a work- 
ing fit. Routine checks should be made to see that the lu- 
bricating oil is maintained at the proper level in the sump. 
Any sudden loss or gain in the amount of oil should be 
immediately investigated. 

Some of the principal causes of tooth wear are foreign 
material, worn bearings, misalignment, excessive shaft de- 
flection, and undue vibration. These conditions result in 
various types of tooth surface wear. 

A record of the end play measurements of the main thrust 
bearing should be kept on the Bearing Record Card in the 
Machinery History and referred to when each check is made. 
Any noticeable increase in the end play indicates that the 
thrust shoe surfaces should be examined by means of the 
inspection opening. 

QUIZ 

L What type of main reduction gearing is used on steam-driven 
destroyer escorts and on gome naval auxiliary ships? 

2. What type reduction gear Is the simplest of all double reduction 
helical gearing? 

3. What type of reduction gear is used on most naval combatant 
ships? 

4. Who may authorize the alteration of oil-spray apparatus in a 
main reduction gear? 

5. Where should samples of lubricating oil be tested for acid, water, 
and sediment content? 

6. If there is too much oil in the sump and the gear churns and 
aerates the oil, how is the temperature affected ? 

7. If the propeller shaft is in locked position for more than 5 min- 
utes, what is likely to occur? 

8. When is an unusual noise on multishaft turbine-geared vessels 
likely to occur? 

0. What should be done if the main reduction gear vibrates? 
10. The vibration of the main reduction gears may result from what 
three causes? 
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11. In cases where the ship has been damaged, what is likely to cause 
the main reduction gear to vibrate? 

12. Under normal conditions, all repairs and major items of mainte- 
nance work on main reduction gears should be accomplished by 
which personnel? 

13. In the event that a main reduction gear bearing, on a multishaft 
ship, becomes wiped ? what Is the preferred procedure to take, if 
practicable? 

14. In case of a low lubricating oil casualty, which group of bearings 
are checked first? 

15. Why must a careful inspection of the reduction gear be made 
before closing the gear? 

16. Destructive pitting generally results from what causes? 

17. What will be indicated by a root clearance which varies consid- 
erably at the two ends of the gear? 

18. What is the criterion for satisfactory alignment of reduction 
gear 8? 

19. When spotting in surfaces of reduction gear teeth, what is used to 
coat the pinion teeth? 

20. In order to obtain a satisfactory tooth bearing, a minimum of 
what percent of the axial length of the working face of each 
gear tooth must be in contact? 

21. When is the stoning of gears most useful ? 

22. How many sets of measurements should be obtained to get an 
accurate check of the propulsion shafting alignment? 

23. Why must end play checking of a 6- or 8-shoe bearing be accom- 
plished with the upper half of the housing bolted down solidly? 

24. What should be done if there is a noticeable increase in the end 
play of a main thrust bearing? 

25. What is the simplest way to check the end play of the main thrust 
bearing? 

26. What instrument is used to measure the end play of a main 
thrust bearing located at the forward end of the main reduction 
gear? 

27. How frequently should the main thrust bearing clearances be 
taken? 

28. If the supply of lubricating oil to the gears fails, what procedure 
should be taken? 

29. Aboard ship, who authorizes the removal of an inspection plate, 
connection, fitting, or cover? 
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CHAPTER 



CONDENSERS AND HEAT EXCHANGERS 

This chapter deals with the care and maintenance of con- 
densers, air ejectors, and lubricating oil coolers, and with the 
operation of deaerating feed tanks. 

CONDENSATE DEPRESSION 

Compared with the amount of steam discharged into the 
condensers, the capacity of the air removal equipment is 
small. Therefore, the condenser is arranged so that the air 
is separated from the steam, insofar as practicable, in order 
that the air ejector will not be overloaded by having to pump 
large quantities of steam, with the air, out of the condenser. 
Therefore, most condensers are furnished with air-cooling 
sections separated from the remainder of the condensing 
surface by air baffles. An example of this arrangement is 
shown in figure 4-1. 

By referring to figure 4-1, you will notice that the central 
steam lane extends completely through the tube bundle and 
provides for the passage of steam from the exhaust inlet 
directly to the condenser hot well. The steam reaching the 
hot well reheats the condensate, which has been cooled by 
physical contact with the cold tube surfaces. As the steam 
passes through the condenser, it expands outward towards 
the sides of the condenser shell. This flow of steam tends to 
sweep the air which would otherwise collect in the hot well 
up to the air cooling section and air baffles. (The tempera- 
ture of the condensate should be maintained as high as pos- 
sible.) 
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STEAM LANE 




Figure 4-1 . — Cross-sectional view of a typical condenser. 

The steam reaching the hot well reheats the condensate 
to a temperature corresponding to the vacuum maintained in 
the hot well. The difference between the temperature of the 
condensate discharge and the temperature corresponding to 
the vacuum maintained (shown in the table) at the exhaust 
inlet to the condenser is referred to as "condensate depres- 
sion." 

The following table shows the pressure-temperature re- 
lationship in the range normally dealt with in shipboard 
condenser operation : 



Absolute pres- 
sure, inches of 
mercury 


Temperature 
of condensate 
discharge, °F 


Corresponding 

vacuum, 30-in, \ 
barometer 


Absolute pres- 
sure, inches of 
mercury 


Temperature 
of condensate 
discharge, °F 


Corresponding 
vacuum, S0-in. 
barometer 


0. 4 


52. 6 


29. 6 


2. 2 


104. 6 


27. 8 


. 6 


64. 0 


29. 4 


2. 4 


107. 3 


27. 6 


. 8 


72. 3 


29. 2 


2. 6 


110. 1 


27.4 


1. 0 


79. 0 


29. 0 


2. 8 


112. 6 


27. 2 


1.2 


84. 6 


28. 8 


3. 0 


115. 1 


27.0 


1.4 


89. 5 


28. 6 


3. 5 


120. 6 


26. 5 


1. 6 


93. 8 


28. 4 


4. 0 


125. 4 


26. 0 


1. 8 


97. 6 


28. 2 


4. 5 


129. 8 


25. 6 


2. 0 


101. 1 


28. 0 


5. 0 


133. 8 


25. 0 
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A very high condensate depression (a large difference be- 
tween the two temperatures) decreases the operating effi- 
ciency of the plant, since the subcooled condensate must be 
reheated by the deaerating feed tank. This requires the ex- 
penditure of more steam for feed heating than would other- 
wise be necessary. Excessive condensate depression prevents 
the condenser from properly deaerating the drains and the 
make-up feed discharged to it. This results in an accumula- 
tion of air, which puts an additional load on the deaerating 
feed tank. 

Under steady operating conditions, an abnormally high 
condensate depression indicates excessive air leakage, ex- 
cessive flow of circulating water, or improper functioning of 
air removal equipment. It is normal for an increase in con- 
densate depression to occur when make-up feed is admitted 
into the condenser. With the make-up feed line secured, the 
average condenser aboard naval ships should, under proper 
operating conditions at low and medium powers, maintain 
a condensate depression of 0 to 2°. 

Under high power operating conditions, it is normal to 
expect a high condensate depression. This is caused, par- 
ticularly under cold injection temperature conditions, by the 
overloading of the steam passages leading to the hot well 
and by increases in the pressure drop of the steam traversing 
the condensing surface. The net result is a greater vacuum 
in the hot well than in the condenser exhaust trunk. Thus, 
the condensate is cooled to a temperature corresponding to a 
higher vacuum (hot- well vacuum) than the vacuum main- 
tained in the exhaust trunk, and there is an apparent in- 
crease in condensate depression. 

Accurate condensate depression determinations of a par- 
ticular condenser installation, and a knowledge of the con- 
densate depression to be normally expected under various 
operating conditions, are of great value in determining 
whether the condenser is operating properly and whether 
adjustments and corrective measures are required. As the 
temperature differences involved are usually small, it is essen- 
tial that thermometers installed in the condensate line be 
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maintained in satisfactory condition and that exhaust trunk 
temperatures or vacuum be measured accurately. 

Vacuum Regulation 

Under normal operating conditions, condensers fitted for 
scoop injection should be operated to maintain the maximum 
vacuum obtainable, with the main injection and overboard 
valves wide open, except under the following conditions : 

Full Power. When making full power, or speeds closely 
approaching full power, under cold injection temperature 
conditions, the condenser will usually be capable of main- 
taining a higher vacuum than can be effectively used by the 
low-pressure turbine. In the average installation, as the 
full power vacuum becomes higher than about one inch of 
Hg above that for which the low-pressure turbine was de- 
signed, the extra steam required for heating the condensate 
tends to outweigh the added economy of turbine installation. 
The designed full power vacuum for any turbine installation 
may be obtained from the manufacturer's instruction book. 
Most turbines served by scoop injected condensers are de- 
signed for an exhaust vacuum of about 2Ty 2 inches Hg (1*4 
psi absolute). If the injection temperature becomes low 
enough so that the full power vacuum tends to increase above 
28V2 inches Hg, improved over-all plant economy may be 
obtained by throttling the flow of circulating water to limit 
the vacuum to 28y 2 inches Hg. 

Cruising Speeds. When operating at cruising speeds, the 
turbines can generally make effective use of the maximum 
vacuum which the condensing plant is capable of maintain- 
ing. However, with cold injection at low power, the con- 
denser becomes capable of producing a vacuum higher than 
that produced during normal operating conditions. Under 
standby conditions and with very little steam discharged to 
the condenser, most installations fitted with properly func- 
tioning air ejectors will produce a maximum vacuum of ap- 
proximately 29Vfc inches Hg, with cold injection temperature. 

As the condenser vacuum approaches the maximum under 
standby conditions, and with cold injection temperature, the 



110 



air removal equipment tends to become unable to free the 
condenser of normal air leakage. The air collects in the 
condenser, tends to insulate the tubes from the condensing 
steam and settle into the hot well, and there is usually a 
noticeable increase in the condensate depression. To avoid 
loss of economy and absorption of air into the condensate 
under these conditions, it is good practice to throttle the 
flow of circulating water, as necessary, to limit the vacuum 
to about 0.2 inch Hg less than the maximum obtainable with 
full flow of circulating water, or as necessary to reduce the 
condensate depression to normal. Under low power opera- 
tion at medium injection temperature, if the condensate de- 
pression remains between 0 and 2°, it may be assumed that 
the air removal equipment is ridding the condenser of air 
leakage, and throttling of circulating water is unnecessary. 

Circulating Wafer Regulation 

When the gate valves in the circulating water discharge 
piping are used to regulate water flow through the condens- 
ers, these valves should be kept at least y A open. If a gate 
valve used for throttling service is closed more than 
the disk is likely to pound against the valve seat and damage 
the valve so that it will not be watertight when closed. Some 
limited erosion of the gate valve disk and seating surfaces 
may be experienced in cases where overboard gate valves are 
continually used for throttling. Careful inspection should 
be made whenever the ship is drydocked, in order that the 
seating surfaces may be kept in proper condition. 

If, while an overboard valve is set for throttling, a sudden 
increase in power needed, some further opening of the valve 
will generally be required; however, the temporary loss in 
vacuum to be expected before readjustment has been effected 
is usually not large or serious. In the event of an unex- 
pected demand for full power astern, the overboard valve 
should be opened wide as quickly as possible. 

CONDENSER TUBE DETERIORATION 

Most tube failures can be traced to either galvanic corro- 
sion or impingement erosion. 
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Galvanic Corrosion 



If dissimilar metals, immersed in an electrolyte (such as 
salt water) , are connected, a simple galvanic cell is formed 
and an electric current flows from one metal to the other 
through the electrolyte. The metal from which the current 
is flowing to the electrolyte will tend to corrode rapidly 
(galvanic or electrolytic corrosion), and the metal to which 
the current is flowing from the electrolyte will tend to be 
protected from galvanic corrosion. The direction in which 
the current will flow depends upon the composition of the 
metal or the alloys exposed to the electrolyte. If several 
metals or alloys are involved, current will flow in varying 
proportions between the surfaces exposed to the electrolyte. 

Since condensers and heat exchangers using salt water 
have all the requirements of a simple galvanic cell, elec- 
trolytic action will take place. This action cannot be 
stopped; however, the metal parts of condensers and heat 
exchangers may be protected by the use of zinc plates. Be- 
cause of its characteristics, zinc metal will cause the electric 
current to flow from the zinc plates to the other metallic 
parts of a condenser. The effect of the electrolytic action 
will be to gradually destroy the zinc plates, but they can 
readily be replaced. 

The drawings for any condenser or heat exchanger will 
show the number and specific sizes of the zinc pieces provided 
in its design. In general, a zinc piece should be replaced 
when it is 50 percent or more deteriorated. 

Specific information concerning the attachment of zinc 
protector plates and the maintenance of zincs is given in 
chapter 46 of BuShips Manual. 

i 
i 

Impingement Erosion 

Sea water flowing into condenser tubes at a high velocity 
tends to remove the thin protective film of corrosion products 
adhering to the base metal of the tube wall. This protective 
film is replaced at the expense of further corrosion of the 
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tube wall. As continued removal and replacement of the 
protective film of corrosion proceeds, the tube wall is gradu- 
ally thinned, the joint between the tube and the tube sheet is 
weakened, and a sea-water leak ultimately occurs through 
failure of the joint, or perforation of the tube wall beyond 
the tube sheet. This type of attack is generally confined to 
the region of the tube at or near the inlet end and is known 
as impingement erosion, inlet end attack, air erosion, or bub- 
ble attack. The occurrence and rapidity of the attack is 
influenced mainly by water velocity through the tubes. It 
is also influenced by the amount of air entrained with the 
circulating water, and by the design of water chests and in- 
jection piping. 

Tube deterioration resulting from impingement erosion of 
the tube ends can be minimized by proper regulation of 
circulating water through condensers and heat exchangers, 
and a safe maximum operating temperature in the case of 
heat exchangers, together with proper venting of the water 
chests. Whenever water chest manhole or handhole covers 
are removed for cleaning condensers or inspecting zincs, inlet 
tube ends should be examined. 

Figure 4—2 shows a tube which has been badly damaged at 
the inlet end by impingement erosion. 




Figure 4-2. — Tub* damaged by impingement erosion. 

Baffles or distribution pipes are installed within the con- 
denser shell to prevent direct impingement of the auxiliary 
exhaust dumping line, the recirculating line, the make-up 
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feed line, etc., against the tubes. These baffles should be 
inspected fop condition and security whenever access to the 
condenser is provided for any purpose and whenever it is 
suspected that a steam side baffle has carried away or become 
perforated. Baffles should not touch the tubes, as vibration 
may cause failure of tubes. Frequent tube leaks in the vi- 
cinity of a steam or water connection to the condenser shell 
offer almost positive evidence that the baffling system is 
defective or that the plant is operating improperly. 

In order to prevent tube erosion from an auxiliary exhaust 
dumping line, it is essential that the line be thoroughly and 
continuously drained at all low points. If any undrained 
pocket exists where condensate can collect in the line ahead 
of the back-pressure valve, it should be requested that a drain 
well be installed and connected via an automatic trap to the 
fresh water drain collecting system, in such a manner as to 
secure positive and complete drainage under all operating 
conditions. Unless the auxiliary exhaust dumping line to 
a condenser is thoroughly and continuously drained, rapid 
tube erosion can be expected. 

In general, it is unnecessary to install baffles in the way of 
the main steam inlet to condensers serving turbines, as the 
steam is not wet enough nor the velocity high enough to 
cause tube erosion. 

MAINTENANCE OF MAIN AND AUXILIARY CONDENSERS 

Idle Condensers 

Most condensers and tubular heat exchangers on naval 
ships have condenser tubes either expanded at both ends, or 
expanded at the inlet end and packed with fiber-metallic 
packing (symbol 1435) at the outlet end. These units should 
normally be kept empty and drained when secured. How- 
ever, if the condensers are to be used within a few days, they 
may be completely filled with water, which should be circu- 
lated daily unless the ship is lying in highly polluted waters. 
When in polluted harbors, the condensers should be drained 
and thoroughly washed out whenever secured. 
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Whenever the sea-water side of a condenser is drained, 
special care should be taken to ensure that the tubes do not 
have water anywhere along their individual lengths. Indi- 
vidual tubes frequently become sagged. Water trapped in 
these pockets at one or more points along the tube length, if 
allowed to remain in a drained condenser, will gradually 
evaporate. The impurities left behind will corrode the tube 
at these points and in time result in tube failure. The action 
is particularly acute when condensers are drained of the 
highly polluted water. The best method of avoiding this 
type of tube deterioration, when an ample supply of fresh 
water is available from a dock or pier, is to water-lance each 
tube with fresh water in order to wash out the polluted water 
and remove foreign matter from the tubes. Following the 
water-lancing operation, the tubes should be air-lanced and 
left dry until the condenser is again put in service. 

If sufficient fresh water is not available for water-lancing, 
each condenser tube should be air-lanced and left completely 
dry. In this case, the condenser should be inspected daily. 
If any water tends to collect in the tubes, through condensa- 
tion from the atmosphere, the air-lancing operation should 
be repeated, as necessary, to avoid the formation of water 
pockets at low points along the tubes. 

When a condenser is secured, the steam side should be 
emptied and kept drained. 

Inspection of Condensers 

Under normal operating conditions, the salt-water side of 
the condenser should be inspected once each month or imme- 
diately after an extended cruise. The steam side of the 
condenser should be inspected each quarter when the inspec- 
tion covers are removed from the low-pressure turbine. 

When the ship is under way, conditions may arise which 
will necessitate additional inspections of condensers. At 
times a ship may operate in very shallow water, or may op- 
erate in waters where there is a large amount of seaweed, 
schools of small fish, or large amounts of oil. When the 
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above conditions occur, the condenser should be inspected 
and cleaned as necessary. 

A noise inside the inlet header of the condenser may indi- 
cate a loose zinc plate, or a foreign object inside the header. 
The condenser should be secured as soon as practicable in 
order that damage to the tubes and tube sheet may be pre- 
vented. If a loose zinc plate, or any foreign object is found, 
it is possible that some of the tube ends have been damaged 
and it will be advisable to test the condenser. 

Cleaning of Condensers 

Foreign matter lodged on the sea-water side of the con- 
denser tubes interferes with and reduces the flow of sea water, 
thereby retarding the heat transfer from the condensing 
steam to the circulating water. This, in turn, reduces the 
maximum vacuum obtainable, and lowers the efficiency of 
the condenser. Frequent visual inspections provide the only 
safe means of knowing if condenser fouling exists. 

Cleaning Watersides. For ordinary cleaning, an air 
lance should be pushed through each tube, tube sheets washed 
clean, and all foreign matter removed from the water chests. 
In cases of severe fouling, a water lance should be pushed 
through each tube to remove foreign matter adhering 
strongly to the interior. The condenser tubes are made of 
corrosion-resistant material. The resistance depends upon 
the formation of a microscopically thin, continuous film of 
corrosion products which adheres to the surface of the tubes. 
The film is itself resistant to further corrosion, and as long 
as it remains intact, it protects the tube from corrosive action. 
A break in the protective coating can be repaired only at the 
expense of the tube metal as it combines with the corrosive 
elements of the sea water. If the cause is not removed, cor- 
rosion of the tube will continue and lead to the formation of 
a corrosion pit, and eventually to tube failure. 

Boiling Out. Foreign matter on the steam side of a con- 
denser may be removed by boiling out with a strong solution 
of Navy standard boiler compound. Under normal condi- 
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tions, condensers should not require boiling out more fre- 
quently than every 2 or 3 years. When a ship is placed back 
into commission from a reserve fleet, condensers should be 
boiled out to remove preservative material. 
To boil out a condenser, proceed as follows : 

1. Drain and clean the sea-water side. 

2. Close all valves in lines connected to the condenser. 

3. Mix 200 gallons of fresh water with 100 pounds of 
boiler compound, for each 1000 gallons of water the steam 
side of the condenser will hold, and dissolve the compound 
in hot water. Introduce the mixture into the condenser 
shell. 

4. Fill the steam side of the condenser with fresh water 
to above the top row of tubes. At boiling temperature, care 
should be taken to prevent any water from entering the low- 
pressure turbine. 

5. Through the boiling-out connection, introduce live 
steam into the condenser and bring the contents to the boil- 
ing point at atmospheric pressure. During this operation, 
the condenser should be vented to the atmosphere. This can 
best be accomplished by removing both a forward and after 
manhole plate from the low-pressure turbine casing and in- 
stalling portable blowers. 

6. Boil the solution for about 12 hours, at the same boiling 
point obtained in the previous step. (Sufficient steam must 
be continuously introduced to assure that boiling of the solu- 
tion is maintained. Vibration and noise resulting from live 
steam entering the condenser shell does not necessarily indi- 
cate that boiling of the solution is taking place.) 

7. Drain the condenser to the bilges or, preferably, pump 
the solution overboard if convenient means are available. 
See that no emulsion enters the feed system. 

8. Wash out the condenser several times with a fresh- 
water hose. Be sure to wash out any sediment collected in 
the bottom of the-.hot well. 

9. Test the condenser for leaks. 

10. Before and during this boiling out of a condenser, the 
officer and the CPO in charge should inspect all boiling out 



and draining arrangements to guard against accidents, and 
see that proper safeguards are provided for the men en- 
gaged in this work. 

Tube Leaks 

It is not unusual for a newly tubed condenser, during the 
first few months of its operation, to develop leaks resulting 
from a few initially defective tubes, or tube joints. How- 
ever, if the unit is properly cared for in service, it may give 
excellent service for years. 

The most common cause of tube leaks is deterioration 
which starts at the sea-water side and proceeds through the 
tube wall to the steam side. Leakage may also be caused by 
deterioration starting at the steam side of the tube wall, by 
a defective joint between the tube sheet and the tube, or by 
cracking of the tube wall or the tube sheet. 

Testing the Condenser for Leaks. Careful planning is 
necessary if a condenser must be tested for leaks while the 
ship is at sea. The work should be well coordinated and ex- 
pedited, so that the main plant will remain out of commis- 
sion for the shortest possible period. The testing and repair 
work should be carefully performed; otherwise the work 
will have to be repeated. Safety precautions should be ob- 
served in working with the sea-water side of the main con- 
denser in order to prevent water from overflowing into the 
engineroom. 

To check for small or large leaks, drain the seawater side 
and fill the steam side of the condenser with fresh water to 
as high a level as possible. Remove the water chest inspec- 
tion plates. With turbine installations, put approximately 
5 psi sealing steam on the glands, close all valves through 
which air can escape from the turbines, and isolate the low- 
pressure turbine as much as possible from the preceding 
turbine. If the installation is a small one, the exhaust open- 
ing into the condenser may be blank-flanged. Cover all the 
tube ends with a heavy coating of soapsuds. Apply an air 
pressure of approximately 5 psi on top of the water. To 



obtain this pressure in a condenser, it will generally be nec- 
essary to operate the ship's service air compressing plant 
at capacity. If the exhaust opening is not blank-flanged, 
a large amount of air will escape. Leaks will be indicated 
either by trickling of water or by air bubbles. 

Plugging Defective Tubes. Tubes which fail during the 
operation of a condenser should be plugged at each end by 
using the metal or phenolic tube plugs furnished with the 
repair parts. Plugs should be driven firmly into the ends, 
using light hammer blows. Care should be taken not to 
break the plugs by hitting them off center. 

In general, 5 to 10 percent of the total number of tubes can 
be plugged without seriously affecting the operation of the 
condenser. Tube failures in excess of 10 percent necessitate 
the complete or partial retubing of a condenser. 

If it becomes necessary to plug tube sheet holes after a tube 
has been removed, it is good practice to install short sections 
of a tube in the tube holes and secure them, by expanding, 
prior to inserting the tube plugs (in order to protect the tube 
sheet from damage). Plugged tubes should be renewed at 
the first shipyard or tender availability of the ship, if water 
chests are removed for other work. Care must be taken that 
tubes which are leaking at the tube joints, but are otherwise 
in good condition, are not plugged. In such cases, the proper 
repair involves rerolling or repacking the tube joint, as 
appropriate. 

If several tube leaks occur in the vicinity of a steam or 
water inlet to the condenser shell, erosion should be suspected. 
To determine the probable cause of erosion, the manufac- 
turer's instruction book should be studied carefully. If 
practicable, the baffle arrangement should be inspected for 
material conditions and installation, in accordance with the 
blueprints. Replacement of a defective baffle plate, or a 
change in the operating procedures, may be all that is neces- 
sary to correct the trouble. If no satisfactory correction can 
be made, detailed information on the unsatisfactory condi- 
tion should be given to BuShips. 
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In some cases, a condenser tube sheet may have a porous 
area or crack. In general, porous or cracked tube sheets 
cannot be permanently repaired. However, porosity can l>e 
temporarily corrected by tinning or by peening. A tube 
sheet crack should be stitched with threaded copper or brass 
plugs. The plugs are placed close together in the crack and 
the ends of the plugs are riveted down lightly but thoroughly. 
It is generally necessary to withdraw a number of tubes at 
the ends of the crack and permanently close these tube holes 
with special threaded plugs. If possible, a porous or cracked 
tube sheet should be repaired by a shipyard. Any indica- 
tion of a porous or cracked tube sheet should be reported to 
BuShips so that arrangements for permanent repairs can be ' 
made. 

RETUBING OF CONDENSERS 

Under normal conditions, an MMl or C will not be ex- 
pected to retube a condenser. Because of modern materials 
and manufacturing methods, condensers seldom require re- 
tubing. When they do, special tools and equipment are nec- 
essary, and the work is performed by tenders or by a naval 
shipyard. However, the MMl or C has the responsibility 
of inspecting the job, to see that it has been properly com- 
pleted and tested, and that the workmanship is according 
to the best standards. 

Inspection of Specimen Tubes 

In general, specimen tubes should not be drawn from a 
condenser or heat exchanger, for examination purposes, ex- 
cept when specifically directed by BuShips, or by a Board 
of Inspection and Survey. Under the following conditions, 
however, tubes may be drawn without BuShips authoriza- 
tion: 

1. When frequent leaks have been caused by tube failures, 
specimen tubes should be drawn from widely separated parts 
of the unit in order to establish the general condition of tubes. 

2. When several tubes have failed in the vicinity of a 
steam or water inlet to the condenser shell, specimen tubes 
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should be drawn unless the cause of the failure can be de- 
termined by visual inspection of the steam side of the unit. 

Samples from the most badly deteriorated tubes should be 
carefully marked to show the top and the bottom of each 
sample, and the location from which the sample was drawn. 
The samples should be cut in lengths of about 12 inches, 
identified as to position along the length of the tube, split 
lengthwise and opened out to permit ready examination. 
These samples are then forwarded to BuShips, together with 
a complete report of the conditions found. 

In order that the required data may be readily available, 
a Machinery History Card should be kept for each condenser. 

Retubing Request 

Before any work is begun in retubing a main condenser, 
authorization must be obtained from BuShips. The follow- 
ing information must accompany any retubing request : 

1. A complete report of the conditions found, definitely 

stating : 

a. The condenser involved and the date when the con- 
denser was last tubed or retubed 

b. Whether or not any of the tube leaks were caused by 
improperly expanded or packed tube joints 

c. The date when each leak occurred, the type of tube 
failure (usually determined when the failed tube is drawn 
and split for inspection), the conditions of operation, and 
any known or suspected contributory causes. 

d. The source of supply of the tube, if known 

e. The position in the tube bundle of each failed tube 
and of each specimen tube drawn for inspection 

f. The part(s) of each specimen tube where defects were 
found (external, internal, top, bottom, sides, ends, etc.) ; to 
meet these requirements, tube ends must be marked before 
removal so that the top can be located 

g. The tube, tube sheet, water box material, and the type 
of tube joints employed 
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h. The conditions of zincs, the frequency of renewal of 
zincs, the frequency of scaling operations, and the method of 
scaling 

i. The method of cleaning tubes and frequency of clean- 
ing operations 

j. Whether or not the unit was kept thoroughly vented 
during its operation 

k. Whether or not the tubes were cleaned and blown out 
whenever sea water was drained from the unit 

1. What other corrective measures have been applied 

2. If severe deterioration of tube ends and of tube sheets 
is visible and photographic equipment available, photographs 
of the tube sheets should be taken and forwarded to BuShips 
for information 

3. The extent of work considered necessary (partial re- 
tubing is not considered normally economical, except that 
authority is sometimes given for retubing one pass of a 2-pass 
unit) 

4. A list of materials required, specifying length, outside 
diameter, wall thickness, and type of tube joints at both 
inlet and outlet ends 

5. Recommendation and comment by superior authority 
endorsing the request 

Subject to approval by the type commander, retubing of 
auxiliary condensers or of other type of heat exchangers 
may be undertaken by forces afloat or by a naval shipyard 
when necessary, without obtaining authority, in advance, 
from BuShips. 

Complete reports of any such retubing should be for- 
warded to BuShips and include the information required, 
as outlined above, for main condensers. 

Removal of Tubes 

When a condenser is to be retubed, the old tube may be 
rapidly removed by special equipment available at most 
naval shipyards and aboard most tenders and repair ships. 
If this equipment is not available, the old tubes may be cut 



122 



into short lengths inside the shell by use of a power-driven 
saw, or by other means, and the ends may then be driven out 
of the tube sheets by the use of a drift. If serious difficulty is 
encountered in removing expanded tubes, it may be necessary 
to ream the expanded ends so that only a thin shell remains 
at the outer surface of the tube. 

If a reamer is used, it should be provided with a pilot 
which closely fits the inside bore of the tube. Regardless of 
what method is employed to remove the tubes, extreme care 
should be exercised to prevent damage to the tube holes dur- 
ing the removal operations. 

Renewal of Tubes 

Before replacement tubes are installed, great care should 
be taken that all interior parts of the condenser shell (stay- 
rods, hot well, internal baffles, and joints) are thoroughly 
inspected. If the joints between the tube sheet and the con- 
denser shell are not in perfect condition, the tube sheets 
should be removed, the flanges trued, and the joints re- 
gasketed. Joints between the stay rods and the tube sheets 
should be remade and the stay-rod glands repacked. If the 
tube holes in the tube support plates are larger than specified 
in condenser plans, corrective measures should be taken to 
avoid subsequent troubles which may result from the vibra- 
tion of tubes. 

Expanding of Tube Joints. Nearly all condensers instal- 
led aboard naval ships have the inlet tube ends expanded 
in the tube sheet, forming a metal-to-metal joint. In many 
installations, the outlet tube ends are also expanded. If the 
condenser tubes are expanded at both ends, it is common 
practice to provide one or more grooves, or serrations, in the 
tube holes in order to increase the holding power of the ex- 
panded tube joint. Such grooves should be thoroughly 
cleaned out and burrs removed prior to the installation of 
new tubes. 

The serrating tools used aboard ship should be those fur- 
nished by the condenser manufacturer. Tube expanders not 
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furnished by the condenser manufacturer must meet Navy 
specifications. 

Naval shipyards and repair ships are provided with special 
types of automatic tube expander controls for expanding 
condenser and heat exchanger tubes, and for similar opera- 
tion. 

Over-expanding or under-expanding heat exchanger tubes 
results in later troubles and improper operation. Over- 
expansion results in excessive cold-worked stresses in the 
metal, thereby contributing largely to rapid erosion and/or 
corrosion of the tube end. Under-expansion brings on its 
attendant burdens of tube leakage, thus requiring reexpan- 
sion of the tubes, with the possibility of the ship being handi- 
capped in reliability and operational performance. 

Navy specifications require that tube expander rolls be 
tapered to correspond with the taper of the expander 
mandrel so as to provide for parallel expansion of the tube 
wall. The inner end of the rolls should be suitably rounded 
off to form a torpedo-shaped end, to prevent ridging and 
cutting of the tubes at the inner end of the expanded joint. 
In order for a tube expander to be properly set for a given 
job, it is generally necessary that the over-all length of the 
rolls be not less than % 6 inch, and no more than % inch, 
greater than the thickness of the tube sheet into which the 
tube is expanded. The expander should be adjusted so that 
the expanded portion of the tube does not extend completely 
through the cylindrical portion of the tube sheet hole, and a 
length of about y s inch of the tube at the inner end of the 
tube hole remains unexpanded. If the tubes are expanded 
completely through the tube sheet, the part of the expanded 
joint which extends into the condenser, and beyond the sup- 
port of the tube hole, will bulge and subsequent removal of 
tubes will be extremely difficult. 

After the expanding operation, the inlet ends of the tubes 
should be belled or flared to an outside diameter of not more 
than % inch for %-inch OD (outside diameter) tubes, and 
% inch for %-inch OD tubes. 

Flaring tools must not be driven into the tube end so hard 
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that the wall of the tube is appreciably thinned or cut. It is 
good practice to mill or grind the projecting flared ends of 
the newly installed tubes flush with the tube sheet surface 
in order to provide a smooth entrance for the circulating 
water flowing into the inlet ends of the tubes. It is not 
necessary to flare the outlet ends of the expanded tubes, and 
the tube outlet ends may be allowed to project up to about 
y 16 inch from the face of the tube sheet surface. 

Packing of Tubes. Flexible metallic packing in accord- 
ance with Navy specifications should be employed for pack- 
ing the outlet ends of packed condenser tubes. The inlet 
ends of the condenser tubes should be fixed in the tube 
sheet by expanding, prior to the packing of the outlet ends. 
The old packing must be completely removed and the threads 
or serrations of the glands should be thoroughly cleared of 
all packing and foreign matter. 

When stuffing box glands are % inch deep, the proper 
packing consists of two fiber rings and two metallic rings. 
To facilitate the installation of packing, a loading pin should 
be inserted into the outlet ends of the tubes. 

After the loading pin has been inserted into the tube 
end, a fiber packing ring is placed on the pin and driven 
to the bottom of the stuffing box. Next, a metallic packing 
ring is placed on the loading pin and calked into the packing 
box with three or four light hammer blows, to cause the 
metal to flow into the threads of the gland and remove all 
slight voids. These operations are repeated by inserting 
another fiber expansion ring and another metallic ring in 
the same manner, calking each metal ring separately. If 
the depth of the stuffing box is greater than % inch, an 
additional metallic packing ring should be installed in proper 
order and calked firmly in place. If the stuffing box is % inch 
deep instead of % inch deep, only three rings of standard 
packing can be used. In this case, one metallic ring is calked 
in place at the bottom of the stuffing box, and is followed 
by a fiber ring and a second metallic ring. 

When all tubes have been packed, the condenser is tested 
by filling the shell with warm water. If any tubes show 
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leakage at the outlet end, the joint is recalked with light 
hammer blows applied to the calking tool. Warm water is 
used for testing, to guard against condensation forming on 
tube sheets and tubes, and giving a false indication of leakage. 
Any expanded tube joints which leak during this test should 
be lightly rerolled. 

It is extremely important to avoid excessive use of force 
in calking the packing. Excessive force applied during pack- 
ing operation may "neck" the tube end so that the tube is 
held too tightly in the packing box gland for proper move- 
ment through the gland during expansion. When the necked 
tube moves through the packing, leakage at the joint will 
result. 

If the tube is badly necked during the packing operation, 
it will grip the loading pin pilot and some difficulty may 
be experienced in removing the loading pin. Any such dif- 
ficulty experienced during packing operations is positive 
evidence that packing has been calked excessively and such 
tubes should be replaced immediately. Air hammers should 
not be used for calking flexible metallic packing condenser 
tube joints, as there is a danger of excessive calking. 

SAFETY PRECAUTIONS FOR CONDENSERS 

The following condenser safety precautions should be ob- 
served aboard ship: 

1. Be prompt in taking corrective measures against all 
air leaks which may reduce the condenser vacuum. 

2. Do not subject the condenser water chests to pressures 
in excess of 15 psi gage. 

3. Whenever condensers are secured, examine the water 
chest relief valves and lift them by hand. 

4. To guard against sea water being introduced into the 
feed system, operate salinity indicator systems constantly, 
and run salinity tests every 15 minutes while under way 
and every 30 minutes while standing by. 

5. Keep baffle plates in place under steam inlets to con- 
densers, and maintain them in satisfactory condition. 
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6. Keep an adequate number of zincs in place, and ensure 
that they always have good metallic contact. 

7. Slow down or stop the engine when a loss of vacuum 
is accompanied by a hot or flooded condenser. 

8. Keep water from accumulating in the steam side of the 
condenser and overflowing into the turbines. 

9. Keep condensers clean and tight. 

10. Before the salt-water side of a condenser is opened, 
close all sea connections tight and secure them against ac- 
cidental opening. 

11. Do not bring an open flame, or anything that might 
produce a spark, close to a newly opened condenser until the 
condenser has been thoroughly blown out with steam or 
air. (Hydrogen or sewer gas may be present.) 

12. Avoid "necking" or crimping tubes when packing or 
calking tube joints. 

13. When repairing tube ends or renewing tubes, exercise 
extreme care to prevent damage to tube sheets. 

14. Keep condenser tubes free of sand, seaweed, or other 
foreign matter. 

15. Keep the salt-water sides of idle condensers dry, 
especially when the ship is in polluted waters. 

16. Keep the steam side of secured condensers drained. 

17. When condensers are in operation, keep the salt-water 
sides free from air. 

18. See that the condenser headers are ventilated (by 
portable blowers) before personnel are permitted to enter. 
(Hydrogen or other gas may have collected in a header.) 

19. See that necessary safeguards are provided, when 
condensers are being boiled out, to protect yourself and others 
against scalds. 

20. Replace and temporarily secure inspection plates 
whenever work is discontinued. 

DEAERATING FEED TANKS 

The major functions of the deaerating feed tank include : 
(1) provision of a storage reservoir in the feed system to 
ensure stable operation under rapidly fluctuating load con- 
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ditions, (2) heating of the feed water to a temperature closely 
approaching that corresponding to the pressure of auxiliary 
exhaust steam, (8) deaeration of the heated feed water, and 
(4) maintaining the reserve supply of feed water in the lower 
part of the tank in a thoroughly heated and deaerated condi- 
tion. In the pressure type deaerating feed tank system, final 
reliance is placed on the deaerating tank for removal of dis- 
solved air from condensate, drains, and other feed water 
components. 

Operation of the Deaerating Feed Tank 

During normal operation, the only control necessary is 
the proper maintenance of the w T ater level. The absolute 
maximum operating level, beyond which the units should 
never be operated, is shown in figure 4-3, at the top of the 
cone. If the water level is too high, the tank will not func- 
tion properly in removing air from the feed water. A low 
water level may endanger the boiler feed pumps. 

When operating deaerating feed tanks, remember that 
steam and water are mixed by spraying the water so that 
it comes in contact with steam injected into the tank. The 
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Figure 4-3. — Deaerating feed tank (diagrammatic arrangement). 
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steam flow quantity is always in step with the flow of water. 
Faulty operation, or an accident, can disturb this relation- 
ship. During normal operation of the deaerating feed tank, 
avoid overfilling and running down, as far as possible; this 
wastes heat and fuel, and may waste water. 

The mixture of condensate, drains, and make-up feed 
water constituting the inlet water to the deaerating feed 
tank enters through the tubes of the vent condenser. The 
water, under pressure, is forced through the numerous spray 
valves and discharged in a fine spray throughout the steam- 
filled top, or preheater, section of the tank. The tiny drop- 
lets of water are heated and scrubbed by the relatively 
air-free steam, so that practically all of the dissolved air is 
released- The drops of water are collected by an inverted 
conical baffle, which conducts them to a central point. Here 
the partially deaerated and heated water is picked up by the 
incoming exhaust steam and thrown radially outward and 
upward, against the lower side of the conical baffle, in a 
finely atomized spray. The water is heated essentially to the 
temperature of the steam, and the dissolved gases which it 
contains are removed. The water then falls into the storage 
space at the bottom of the tank, where it remains under a 
blanket of air-free steam until needed for the boilers. 

If a spray nozzle sticks open, or if a spray nozzle spring 
is broken, the resultant flow from the nozzle will not be in 
the form of a fine spray and, therefore, deaeration will be 
impaired. Such a condition cannot be discovered except by 
analysis of the feed water leaving the deaerating feed tank, 
or by inspection of the spray nozzles. On ships not fur- 
nished with dissolved oxygen test kits, inspection of the 
spray nozzles should be scheduled at frequent intervals. In 
most deaerating feed tanks, the manhole provides access for 
the inspection of spray nozzles ; others are so designed that 
the spray nozzle chamber and the vent condenser must be 
removed in order to inspect the nozzles. 

Auxiliary exhaust steam flows directly into the deaerating 
unit. A check valve either in the deaerating unit or in the 
line leading thereto allows the steam to flow from the auxili- 
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ary exhaust line whenever the pressure within the deaerating 
feed tank is less than in the exhaust line. The check valve 
also prevents the return flow of water into the auxiliary 
exhaust line in case the deaerating feed tank becomes flooded. 
In the deaerating unit the incoming steam atomizes the pre- 
heated water, as described above, heating it to equilibrium 
temperature and scrubbing from it the last traces of dissolved 
air. A portion of the incoming steam is condensed in this 
process, the condensate collecting with the heated and deaer- 
ated feed water in the bottom of the deaerating feed tank. 
The uncondensed steam flows around the conical baffle into 
the upper (preheated) section of the deaerating feed tank, 
where it mixes with the incoming water being discharged by 
the spray head. Here another stage of heating and deaera- 
tion occurs, a large proportion of the residual steam being 
condensed in the process. The remaining steam flows into 
the shell of the vent condenser where it is further condensed 
by heating the incoming water passing through the tubes. 
The condensate from the shell of the vent condenser drains 
into the heating compartment. The steam not condensed in 
the vent condenser flows out through the vent line of the vent 
condenser, carrying with it all of the dissolved air which has 
been removed from the incoming feed water. 

Wanning Up a Deaerating Feed Tank 

A secured deaerating feed tank must be kept isolated from 
the feed water system and its contained water should be 
deaerated before the tank is cut into the system to supply 
boiler feed water. If the secured tank is empty, it may be 
filled by means of the emergency feed pump taking suction 
from a reserve feed tank and discharging through the start- 
ing-up line to the main condensate line, at a point just ahead 
of the vent condenser. During this operation, auxiliary ex- 
haust should be supplied to the deaerating feed tank in order 
that the incoming water will be heated and deaerated. In 
warming a cold deaerating feed tank, the steam and water 
supply valves should be opened slowly in order to avoid 
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sudden temperature changes within the tank. When the 
tank is filled to the normal operating level, a feed booster 
pump should be used to circulate the water from the deaerat- 
ing feed tank back through the warming-up line and the vent 
condenser. It will take about 10 minutes for this recircula- 
tion to remove the air from the water in the tank. The 
deaerating feed tank should be run at normal operating tem- 
perature and pressure for about 10 minutes before it is ready 
to be cut into the boiler feed system. 

When the deaerating feed tank is fully warmed up, and 
before the tank is cut into the feed system, the valve in the 
warming up line should be closed slowly. During normal 
operation, the starting-up line should be secured. The feed 
pump recirculating line is relied upon to protect the booster 
pump as well as the feed pump from overheating. If the 
starting-up line is permitted to remain open during normal 
operation, the large quantity of heated water recirculated 
through the vent condenser will reduce effectiveness in remov- 
ing the air vapor mixture from the tank. 

Venting the Deaerating Feed Tank 

To secure effective deaeration, it is necessary to vent suffi- 
cient steam from the deaerating feed tank to sweep out all 




Figure 4-4. — Vent condenser, showing poth of gates. 
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the air which has been separated from the feed water. This 
separated air is continuously concentrated in the uncondensed 
portion of the steam, as the steam passes through the deaerat- 
ing unit, preheater, and vent condenser. If all the steam 
were condensed in the vent condenser, the separated air would 
be redissolved in the vent-condenser condensate. 

The amount of vented steam is controlled by an orifice 
installed in the vent-condenser vent line. This vent line 
orifice must be large enough so that the minimum quantity 
of steam-air mixture necessary for proper deaeration is dis- 
charged when the minimum operating pressure exists in the 
deaerating feed tank. 

A vent condenser, showing the path of gases into the unit, 
is illustrated in figure 4-4. 

Securing the Deaerating Feed Tank 

In securing the deaerating feed tank, the vent valve should 
be opened fairly wide. The water supply should then be 
shut down, and the main feed pump and booster feed pump 
secured. In shutting down the water, watch the steam pres- 
sure. If the steam pressure begins to build up, the steam 
should be throttled. Do not shut down the steam first and 
then the water ; the storage space will become filled with cold 
water. If the tank is to be drained, the drain valve can be 
opened. If the unit is to be repaired, all the isolating valves 
should be closed, but the vent valve should remain open. 

Maintenance and Repair 

In the construction of the feed tank, as many parts as pos- 
sible are welded together, but some bolts, nuts, etc., must be 
used. If any part is dismantled, make certain that, in •re- 
assembling, all bolts, nuts, etc., are secured against loosening. 
Washers and cotter pins are used at various places for secur- 
ing parts. Cotter pins will probably need to be replaced, in 
which case a corrosion-resistant material, such as Monel 
metal or stainless steel, must be used. (Ordinary steel will 
corrode too rapidly to give satisfactory service.) 

If loose parts from any of the condensate equipment, or 
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from the steam line, get into the booster pump, the pump may 
be seriously damaged. A screen is provided within the de- 
aerating feed tank, to catch such parts. The screen should 
be inspected and, if it is damaged, repaired before the de- 
aerating feed tank is placed back into service. 

A manhole in the shell gives access to the interior of the 
deaerating feed tank. All removable parts of the tank sec- 
tion are made in sections small enough to be taken out 
through this manhole. 

The vent condenser can be removed as a unit by loosening 
its flange bolts and pulling it out. With it will come the 
spray chamber and constituent parts. It will be necessary 
to disconnect and clear the water and vent lines before the 
condenser can be removed. 

At regularly scheduled periods, routine inspections of the 
water spray valves and the check valve should be made. 
The frequency of such inspections will depend upon the 
material conditions found and the estimated need of inspec- 
tions to ensure trouble-free operation, in accordance with 
good engineering practice. The water spray valves and the 
check valve should always be maintained in good mechanical 
and operational condition. A defective valve will interfere 
with the proper performance of the deaerating feed tank. 
As found necessary, routine inspections should be made of 
the relief valve and the vacuum breaker. Although little 
maintenance will normally be required, these safety devices 
should be tested to see that they function properly. 

Sprat Valves. When a spray valve in the spray valve 
chamber is defective the entire valve can be removed and re- 
paired, or replaced by a new one taken from the ship's spares. 

On most installations, when spray valves are reassembled, 
they should be given an initial compressed spring length of 
2y 8 inches, end to end. The threaded stem end of a spray 
valve is slotted and should be slightly spread after assembly, 
so that the nuts cannot back off the valve stem. 

Check Valve. The deaerating unit is made in 3 pieces so 
that it can be removed through the access door and easily 
assembled. In assembling the check valve in this unit, the 
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inner part of the unit should be bolted to the steam pipe; 
the dowel in the flange should be fitted to the dowel hole in 
the steam inlet pipe. The outer parts of the deaerating unit 
should then be bolted to the inner part of the deaerating unit. 
The check valve, completely assembled, should then be bolted 
to the deaerating unit. 

In fitting this valve in the unit, care should be taken to see 
that the piston rings on the dash pot piston are not damaged 
when they are slipped into the dashpot cylinder. The cyl- 
inder has a chamfered end to facilitate easy assembly. 
When the piston ring is fitted to the cylinder, the clearance 
between the ends, at the cut, should be between 0.005 and 
0.007 inch. This clearance is provided so that the ring will 
enter the cylinder without binding and breaking. It is im- 
portant that the piston enter the cylinder squarely and that 
the piston rings enter evenly to prevent them from binding 
on the edge. The check valve flange and the deaerating unit 
are doweled so that the check valve operating lever bearings 
will be properly located. The fit between this flange and 
the inner part of the deaerating unit is male and female to 
ensure proper alignment of the valve. The check valve op- 
erating fork, the lever assembly, and the rest of the manual 
control mechanism can then be assembled. To remove the 
check valve and the deaerating unit, the above procedure 
should be reversed. 

AIR EJECTORS 

In most ships, the first and second stages of the air ejector 
and their condensers have been combined into one complete 
assembly, as shown in figure 4-5. (In many ships, the gland 
exhaust condensers functions have been incorporated within 
the shell of the after-condenser.) The shell is rectangular 
in shape, and is divided by a longitudinal plate into the inter- 
and after-condenser sections. A baffle at the gland vapor 
inlet deflects the air and vapor downward over the lower 
bank of tubes in the after-condenser section. 

In order to provide for continuous plant operation, two 
sets of nozzles and diffusers are furnished for each stage 
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of the air ejector. Only one set is necessary for operation 
of the plant; the other set is maintained ready for use in 
case of damage or unsatisfactory operation of the set in use. 
The two sets can be used simultaneously, however, when 
excessive air leakage into the main condenser necessitates 
additional pumping capacity. An inter-stage valve is pro- 
vided between the discharge of each first-stage ejector and 




Figure 4—5. — A main air ejector and condenser assembly. 
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the inter-condenser so that the pressure built up by the first- 
stage jet, in operation, will not be lost back to the condenser 
through the idle first-stage ejector. For a similar reason, 
a cut-out valve is located between each second-stage suction 
chamber and the inter-condenser. By means of diaphragm 
plates in the inlet and outlet heads, the cooling water (con- 
densate) is caused to make several passes through the unit 
before discharging. 

The atmospheric vent is usually connected to the suction 
of a small motor-driven fan (gland exhauster), which pro- 
vides a positive discharge through piping to the atmosphere 
above decks. This is desirable to avoid filling the engine- 
room with steam in case the air ejector cooling water supply 
should fail, allowing the jet steam to pass through the inter- 
and after-condensers without being condensed. 

Care and Maintenance of Air Ejectors 

If an air ejector fails to maintain the proper condenser 
vacuum, the cause may be traced to one of the following 
sources of trouble : 

Steam Pressure. Difficulties due to pressure are generally 
caused by improper functioning or adjustment of the steam 
reducing valve supplying the motive steam for the air ejector 
assembly. It is essential that dry steam at full operating 
pressure, as specified on the name plate of the unit, be con- 
tinuously supplied to the ejector nozzles. If the pressure 
fluctuates, it is permissible to raise the pressure to approx- 
imately 15 psi above the designed operating pressure. 
Higher steam pressure results in very little increase in ca- 
pacity, and may result in reduced capacity or in overloading 
of inter- and after-condensers. The latter will necessitate 
an uneconomical quantity of steam. 

Steam Strainers. Steam strainers, provided ahead of the 
nozzles, must be kept clean. During the first few months 
of operation of a newly connected unit, the steam strainers 
should be inspected at least once each month. Thereafter, 
a semiannual inspection of the strainers should be sufficient, 
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unless there is reason to believe that the strainers are not 
clean. 

In some installations the steam pressure gages, provided 
to indicate the steam pressure at the ejector nozzles, are 
actually connected to the system at a point ahead of the 
strainers. Therefore, if the strainers become clogged, the 
air ejector may not be functioning properly because of the 
low steam pressure at the nozzles, even though the gages 
indicate full steam pressure. 

Leaks. Leaks in valve glands, gasketed joints, relief or 
sentinel valves, etc., will result in loss of vacuum caused by 
the overloading of the operating ejector elements. 

Leaks through suction or discharge valves of idle or stand- 
by air ejector elements will also overload the operating 
ejector elements, and result in loss of vacuum. 

Internal leakage across the division plate between the 
after-condenser and the inter-condenser will result in over- 
loading of the second-stage element, since the air-steam mix- 
ture discharged by the second-stage element will leak back 
to the inter-condenser instead of being discharged to the 
atmosphere. This difficulty is not common in modern air 
ejectors but if it is suspected, a hydrostatic test should be 
applied to the inter- or after-condenser shell, and drains in- 
spected to determine whether leakage exists. Repairs gen- 
erally involve removal of the condenser tubes, disassembly 
of the unit, and replacement of the internal gaskets. 

Tube Leaks. Improper drainage or leaking condenser 
tubes will cause flooding of the inter- or after-condenser with 
condensate, with resulting loss of vacuum. Flooding may 
cause the condensate to be drawn into the second-stage ele- 
ment and result in erratic operation of the unit. If flooding 
is suspected, drain lines should be inspected and cleared. 
If necessary, a hydrostatic test should be placed on the unit 
and examination made for tube leaks, either at the tube joints 
or through the tube walls. The necessity for replacement 
of tubes is generally infrequent in view of the fact that most 
installations involve the use of condensate as the cooling 
medium. If tube-joint leakage is evident, the packed ends 
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can be repacked by using copper-asbestos packing rings sup- 
plied as a part of the repair parts allowance. 

If repacking is required, the removal of the old packing 
rings and the installation of new ones should be accom- 
plished in the same manner as described for condenser tubes. 
However, the copper-asbestos rings should be set with a large 
number of very light blows on the calking tool, as the copper 
does not flow into the threads of the packing box as readily 
as does lead. When installing the copper-asbestos packing 
rings, special care should be taken to avoid "necking" or 
crimping of tubes. Similar damage to tube ends, resulting 
from overtightening of ferrules, must be carefully guarded 
against. Leakage at the expanded ends of the tubes can be 
repaired by rerolling the tubes. Emergency repair of a 
leaking tube is accomplished by plugging both ends. 

If retubing or other major repairs are necessary, all parts 
of the air ejector assembly should be tested to the hydrostatic 
test pressures specified on the name plate. Special care should 
be taken to see that all internal parts of the assembly are 
examined and put in proper working order before the new 
tubes are installed. A positive test should be made, before 
and after the new tubes are installed, to establish the tight- 
ness of the division plate gaskets between the inter- and 
after-condensers. With certain installations, erosion of tubes 
may take place in the vicinity of the diffuser discharges. If 
this trouble is suspected, a sample tube should be withdrawn 
at a loction close to each jet discharge of the inter- and 
after-condensers. If inspection shows that serious erosion is 
present, other tubes in the affected area should be renewed, 
and periodic inspection and renewal of tubes should be made 
as required. 

Loop Seal. The condensate formed in the inter-condenser 
is returned to the main condenser through the loop seal. If 
a direct connection between the inter-condenser and the main 
condenser were used to return this condensate, the vacuum 
would be equalized in the two condensers. Since the main 
condenser is capable of carrying a higher vacuum than that 
in the inter-condenser, it is necessary to maintain some form 
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of seal in the drain line to prevent the equalisation of vacuum. 
To provide this seal, a loop seal (see fig. 4-6) is Installed 
in the drain connection. 



FROM INTER 
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Figure 4-6. — Loop tool. 



Water from the inter-condenser passes down through the 
small 1-inch pipe, then through the short loop, and up through 
the internal pipe. The larger pipe surrounding the internal 
pipe is 3 inches in diameter, and is connected to the main 
condenser. Water overflowing the internal pipe fills the 
external pipe and the larger loop. 

If no vacuum existed in either condenser, and water from 
the inter-condenser entered the internal pipe, it would main- 
tain the same height in each leg. In other words, when the 
water level in the external pipe is at the connection to the 
main condenser, the water level in the primary leg stands 
at the same height. 

However, when a vacuum is formed in both condensers, the 
difference between the vacuum maintained on the main con- 
denser and that maintained on the inter-condenser will be 
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(under normal operating conditions) about 3 inches. The 
vacuum on the main condenser will be about 29 inches, that 
on the inter-condenser 26 inches. Expressing vacuum in 
terms of absolute pressure, an absolute pressure of y 2 psi 
will be acting down on the internal and external pipes, and 
an absolute pressure of 2 psi will work down against the 
water level in the primary 1-inch pipe. This means that the 
pressure of 2 psi from the primary pipe will push water 
through the pipe and cause it to overflow from the external 
pipe into the main condenser. 

When the water level in the primary leg is approximately 
3 feet below that of the secondary leg, the additional weight 
of the water present in the secondary leg will provide the 
extra iy 2 psi necessary to counteract the 2 psi absolute pres- 
sure against the primary leg. Thus, a static condition will 
be obtained. If water is added, from the inter-condenser, 
to the primary leg, the level on that side will rise, and the 
additional weight of water on that side will cause water to 
be pushed into the main condenser, from the secondary leg, 
thereby restoring the loop to its original static condition. 

In this way water is drained back from the inter-condenser 
to the main condenser by adding water to one side of the 
loop and removing it from the other side. Thus, a solid 
body of water is maintained in the base of the loop, and air 
is prevented from passing through and causing an equaliza- 
tion of vacuum. 

The filling connection (shown in fig. 4-6) allows con- 
densate to be pumped directly from the main condenser and 
discharged into the loop seal in order to provide for posi- 
tively filling the loop before placing it in operation. A valve 
is provided at the main condenser to cut off drainage from 
the loop seal. 

If the vacuum gages on both the main and inter-condenser 
show the same reading, this indicates that the seal has been 
broken. Opening the filling connection valve for several 
minutes will correct this condition, if it is due to a sudden 
surge in vacuum, or a violent roll of the ship. If the condi- 
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tion is the result of an air leak, this will have to be corrected 
before the loop will remain properly sealed. 

Air Ejector NozzUs and Diffusers 

If air ejector nozzles become eroded, deformed, or fouled, 
it will be impossible to operate the equipment under high- 
vacuum conditions. Erosion of nozzles is evidence that wet 
steam is being admitted to the equipment, and steps should 
be taken to assure proper drainage of the steam supply lines. 
If any appreciable amount of water is contained in the motive 
steam, erratic operation of the entire equipment will result, 
particularly if the water flows intermittently to the nozzle. 
If the strainers are not kept clean, the steam pressure dif- 
ferential through the strainer is likely to rupture the 
strainer basket, admitting dirt or scale to the nozzle. In 
some cases, nozzles may be clogged with boiler compound or 
other deposits that will decrease the efficiency of the jet. 

Inspection and Cleaning. In general, it is possible to 
clean the nozzle thoroughly by using nozzle reamers. These 
should be handled carefully, and the proper reamer used for 
each size of nozzle, so that the nozzle will not be damaged. 
If it becomes necessary to remove the nozzle for cleaning or 
replacement, great care should be taken that the internal 
surfaces are not damaged. Dents or deformation of the 
downstream end of the nozzle, and rough or scratchy sur- 
faces in the throat or diff user passages, will result in im- 
proper operation of the equipment. Foreign deposits pres- 
ent on the internal surface of the nozzle or diffusers should 
be removed by the use of nozzle reamers, or soft copper wire, 
or a piece of wood. 

Repairs and Replacement of Parts. Before disassem- 
bly or assembly of nozzles or diffusers is undertaken, plans 
and instruction books should be consulted. If replacement 
of a nozzle or diff user is required, gaskets of proper thick- 
ness must be used during assembly. It is essential that the 
nozzle, and the diff user tube be concentric and in proper 
alignment and that the correct distance be maintained be- 
tween the ends of the nozzle and the diffuser. Bear in mind 



that first- and second-stage nozzles and diffusers are not 
interchangeable. 

It is possible to clean or replace the steam strainers, nozzles, 
and diffusers of an air ejector element while the remainder 
of the assembly is in operation. However, extreme care 
must be taken that the unit to be opened is first isolated 
from the assembly by closing the steam supply valve and 
the inter-stage isolating valves of this element, in order 
to avoid burns being suffered by personnel engaged in this 
work. In installations where separate inter- or after- 
condensers are provided for each element, isolating valves 
are not required. In some cases where a common after- 
condenser is provided for two second-stage elements, the 
internal construction of the unit is such that the steam dis- 
charged from the operating element cannot readily back 
up through the diffuser of the other second-stage element, 
and isolating valves are omitted from the second-stage 
diffuser discharges. 

Steam Reducing Valves 

The reducing valves for the main air ejectors are the most 
important ones used aboard ship. In general, all reducing 
valves should be inspected, cleaned, and repaired semi- 
annually. 

Causes op Faulty Operation. The principal causes of 
faulty operation of reducing valves are as follows : 

1. The adjusting spring has taken a permanent set. 
Readjust or install a new spring. 

2. In case of failure or deformation of the diaphragm, 
install a new diaphragm. In case of deformation within 
limits, readj ust the diaphragm spring. It is considered good 
practice to invert the diaphragm periodically, thererby pro- 
longing its serviceability. Diaphragms furnished by the 
manufacturers of the particular air ejector installation 
should be used. 

3. Leakage is frequently due to the pilot or the main valve 
not being tight. This trouble is most prevalent in lines 
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LOAOING VALVE DETAIL 

Figure 4-7. Details of reducing valve. 



supplying machinery which requires steam intermittently. 
When the need for steam is reduced, the pressure will build 
up, due to the leak past the valve. In case of a bad leak, 
the trouble will be apparent under all conditions. The valve 
may be held off the seat by scale or dirt, in which case scor- 
ing or erosion will probably result. Clean the valve and 
grind in place. 

4. Other causes of failure are working parts or ports 
gummed with oil or dirt, piston rings stuck, pilot valve stem 
too long because of successive grinding in the pilot valve, 
broken or permanently set springs. 

Most reducing valves are installed in a vertical position. 
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and have an arrow cast on the valve body showing the direc- 
tion of flow. To obtain best results, a reducing valve must 
be installed in the uppermost point of the line; this will 
reduce trouble caused by entrained water and dirt. The 
valve must be located so that the bonnet and working parts 
of the valve can be removed without having to break the 
pipe joints. 

Setting the Reducing Valve. Setting the reduced or 
regulated pressure is simply a matter of loading the dome 
with an air pressure approximately equal to the desired 
pressure. 

Tighten the needle type dome bleed valve firmly against 
its seat with an Allen wrench. (See fig. 4r-7.) 

Remove the loading fitting cap and connect the hose from 
the hand pump. 

With slow, full strokes of the pump, charge the dome to a 
pressure approximately 10 psi above the reduced pressure 
desired. (If the required reduced pressure is 150 psi, charge 
the dome until the gage reads 160 psi.) 

Thermostatically Controlled Recirculating Valve 

Recirculation is thermodynamically uneconomical; how- 
ever, in naval installations (where cruising power may 
normally be only a small fraction of full power) recircula- 
tion is essential in order to avoid excessive loss of feed water 
as vapor discharged from the air ejector after-condenser vent, 
and to ensure proper operation of the air ejectors at fractional 
power. To make recirculation automatic and to avoid ex- 
cessive recirculation with attendant excessive loss of heat, 
most air ejector recirculating lines are fitted with thermo- 
statically controlled valves. 

Excessive heat loss can be avoided by recirculating con- 
densate from the air ejector discharge line back to the main 
condenser. The air ejector condensers must be supplied with 
cooling water (condensate) before and during their opera- 
tion. A hand-controlled valve allows bypassing of the 
thermostatic recirculating valve during the warming-up 
period. This bypass valve is also used in case the thermo- 
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static valve is inoperative. When the required condenser 
vacuum is obtained, the manually controlled bypass valve 

is closed. 

Under normal operating conditions, recirculation to the 
main condenser at light loads is automatically controlled by 
the thermostatic recirculating valve. 

Operating Principles. The thermostatic recirculating 
valves are actuated by the temperature of the condensate dis- 
charged from the air ejector after-condenser. Rise of water 
temperature above the temperature at which the valve is set 
results in automatic opening of the valve, and recirculation 
of the heated water back to the condenser and through the 
air ejector again. The thermostatically controlled recircu- 
lating valves are adjusted through a range of approximately 
40° F and should be individually set to open at the highest 
temperature at which the air ejectors will operate without 
loss of condenser vacuum, or discharge of an appreciable 
amount of vapor from the air ejector after-condenser vent. 

In the interest of economy, the thermostatically controlled 
valves should be kept in good condition and properly set. 
Under all normal operating conditions, the manual bypasses 
should be kept closed. The control bulbs of the valves 
should be located in the condensate line as close as possible 
to the after-condenser discharge, or, preferably (when space 
is available), within the last pass of the air ejector after- 
condenser water chest. 

Figure 4-8 illustrates a thermostatic recirculating valve. 

Maintenance or Valve. Failure of the valve to maintain 
the cooling water at the desired temperature is an indication 
of improper adjustment. It may also be an indication that 
the thermostatic elements of the valve are leaking, or that 
some other portion of the valve has failed. 

The main cause for improper adjustment of the valve is 
the lack of instructions for the proper adjustment procedure. 
Operating personnel should become familiar with the pro- 
cedure for adjustment of this type of valve; it is recom- 
mended that they consult the manufacturers' instruction 
books. 
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Figure 4-8. — Thermostatic recirculating valve. 
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Briefly, the adjustment consists of changing the tension of 
the spring which opposes the action of the thermostatic 
bellows. An increase in spring tension will require a higher 
temperature to be reached before the valve will act to divert 
a greater portion of the condensate to the condenser. 

However, when placing a new valve in service, a number 
of steps must be taken to ensure that the valve stem length 
will be proper, and that all pointers will be accurate in their 
indications. All adjustments should be made with the ther- 
mostatic control unit assembled on the valve body. When 
making adjustments it is not necessary to remove the valve 
body from the ship's piping. 

All adjustments must be made in accordance with the fol- 
lowing steps and in the same sequence. Make adjustments 
1 through 4 with the thermostatic bulb removed from the 
ship's piping and see that the bulb temperature is below 
100° F. 

1. Rotate the manual crank pin until the indicator pointer 
is in the thermostatic position. Turn the adjusting wheel 
until the adjacent pointer matches with number 2 on the scale 
plate. Loosen the locknut and unscrew the valve stem until 
it is free of the thermostatic stem. 

2. Turn the adjusting wheel until the adjacent pointer 
matches with number 8 on the scale plate. 

3. Rotate the manual crank pin again, until the lower end 
of the seating sleeve is flush with the lower end of the ther- 
motsatic stem. With the seating sleeve and the indicator 
pointer in this position, loosen the screws in the indicator 
plate and slide the plate up or down, as necessary, to align 
the thermostatic mark in the center of the plate with the 
indicator pointer. Then retighten the screws. (The marks 
cooler closed and bypass closed on the indicator plate are 
only approximate.) 

4. Screw the valve stem into the thermostatic stem and 
turn the stem until the cooler poppet valve is seated firmly. 
Turn the adjusting wheel until the pointer matches with 
number 2 on the scale plate. Then rotate the valve stem one 
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full turn farther (^le-inch) into the thermostatic stem, and 
tighten the locknut. 

5. Turn the adjusting wheel, with the manual control on 
thermostatic position, in a direction to bring the pointer 
to number 9 on the scale plate. 

6. Run the condensate pump water until the temperature 
rises to the desired level. 

7. With the condensate pump running and the tempera- 
ture at the thermostatic bulb maintained at the value de- 
termined for step 6, turn the adjusting wheel until the cooler 
poppet just begins to leave its seat, as shown by the down- 
ward movement of the mark on the valve stem. 

Valves adjusted in accordance with this procedure will 
normally maintain the temperature of the water at the 
thermostatic bulb between the temperature determined for 
step 6 and a temperature approximately 20° F. higher. This 
20° F. difference is the temperature rise required to cause the 
poppet valve to move through the necessary travel. 

LUBRICATING OIL COOLERS 

Oil coolers should be operated as required to maintain the 
oil inlet temperature to the bearings at the designed valve. 
With the bearing orifices or needle valves properly adjusted 
and the bearings in proper operating condition, a tempera- 
ture of 120° to 130° F. on the discharge from the cooler 
should satisfactorily meet all normal operating requirements. 

When the system has more than one cooler, the coolers 
should be used alternately, and for approximately the same 
number of operating hours. When oil coolers are not in 
use for more than 24 hours, the salt-water side should be 
kept drained. 

Derangement off Lube Oil Coolers 

Plate tube, strut tube, and wire-wound tube coolers are 
equipped with cores. Ships are allowed replacement cores, 
or case and core assemblies, as on-board repair parts. These 
repair parts should be utilized in the event of a major casualty 
to these coolers, and action to replenish on-board allowance 
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should be initiated. (In such cases, cores can be requisi- 
tioned as "not in excess" items through repair parts chan- 
nels.) It is estimated that 99 percent of major failure 
problems on these coolers can be solved by core replacements 
rather than by replacing the complete cooler assembly. 

When derangement of a lubricating oil cooler occurs, the 
number of hours which the cooler has been in operation is a 
factor of particular interest to activities attempting to de- 
termine the cause of failure. If the cooler has been subjected 
to an acid cleaning, this fact is similarly of interest because 
of the possibility of damage to tubes when acid is used. 

Core and Maintenance of Lubricating Oil and Jacket 

Water Coolers 

With reasonable care the lubricating oil and jacket water 
coolers installed in naval ships should be serviceable for at 
least 4 or 5 years. When sea water is used as the cooling 
medium of this type of equipment, failure is primarily due 
to (1) erosion due to high sea- water velocity, and (2) corro- 
sion due to electrolytic (or galvanic) action. 

All coolers are built in accordance with BuShips current 
specifications. These specifications are designed to give ade- 
quate cooling with sea-water velocities well below that which 
will cause appreciable erosion. Protection against corrosion, 
however, is provided by the installation of zincs. 

Reports of failure of this type of equipment are rare in 
comparison with the number of coolers of similar construc- 
tion installed in naval vessels. In general, these cooler fail- 
ures have been reported by isolated vessels or by vessels of a 
class built at some particular activity. With few exceptions, 
they have occurred to coolers supplied with sea water from a 
service main, with the supply of sea water available to the 
cooler limited only by a valve (sometimes an orifice) , in the 
cooler supply line. Under these conditions, too wide an 
opening of the valve, too large an orifice, or too high a pres- 
sure in the service main will cause excessive velocity through 
the cooler and consequent failure due to erosion. At the same 
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time the oil temperature is usually not appreciably lower 
than that obtained with proper sea- water flow. 

All coolers in contact with sea water are subject to corro- 
sion. Under operating conditions, this corrosion can be taken 
up by the zincs, provided an adequate surface of the latter 
is exposed. All zincs installed in the sea water circuit of 
condensers and heat exchangers must be thoroughly scaled 
at least once a month to ensure that active metallic zinc is 
exposed to the sea water. 

Of the two causes of cooler failure, the more likely one 
is erosion from high-velocity sea water. To get satisfactory 
service from these coolers, the following points should be 
remembered : 

1. Limit the sea- water flow to the MINIMUM that is 
consistent with maintaining the lubricating oil temperature 
within limits specified by BuShips Manual or by the manu- 
facturer's instruction book, as applicable. 

2. Inspect and clean zincs regularly. Replace the zincs 
when they are 50 percent disintegrated. 

3. When securing a cooler for any extended period, drain 
the salt-water side and flush with fresh water, when practi- 
cable. At all other times the cooler should be kept flooded 
and periodically flushed with salt water. 

4. Clean only in a manner prescribed by BuShips. 
All the above precautions also apply to other heat transfer 

equipment, such as refrigerating plant condensers, motor and 
generator air coolers, air compressor inter- and after-coolers, 
etc., that use sea water as the cooling medium. 

Cleaning Lubricating Oil Coolers 

As a result of battle damage, or for some other reason, 
a lubricating system (including the cooler) may become 
contaminated with salt water. No attempt should be made 
to put such a system back into operation without thoroughly 
cleaning the cooler to remove all traces of rust, scale, or 
other foreign matter, since serious damage can result from 
incomplete removal of such material. 
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In the case of shell-and-tube coolers, all rust, scale, etc., 
must be removed, prior to reassembly, from the inside of 
the shell and from the baffles. Removal should be done with 
scrapers and/or wire brushes. When complete tube bundles 
are removed, the necessity for dismantling individual 
bundles must be determined by visual inspection. 

With proper use of lubricating oil purifiers, filters, and 
strainers, it will ordinarily be necessary to clean only the 
salt-water sides of shell-and-tube type coolers. This should 
be accomplished by air- or water-lancing supplemented, if 
necessary, by the use of rubber plugs and a round bristle 
brush. Under no circumstances should a wire brush be 

USED FOR THIS PURPOSE. 

Removed tube bundles can be cleaned, when necessary, by 
flushing them with hot water. However, no attempt at 
chemical cleaning of shell-and-tube type coolers should be 
made without specific approval of BuShips. 

SUMMARY 

Under conditions of warming up, standing by, getting 
under way, cooling down, and securing of turbines, the con- 
denser vacuum should be regulated in accordance with in- 
structions found in BuShips Manual and in the manufac- 
turer's instruction book. 

Know the importance of cleaning the fresh- and salt-water 
sides of condensers and what procedures to follow under 
existing conditions. Rememl r that condenser tube leakage 
can be minimized by proper maintenance of condensers. 

Retubing of condensers may be necessary when the number 
of failed tubes exceeds 10 percent of the total number. When 
condenser tubes have to be replaced, authorization must be 
obtained from BuShips. Subject to approval of the type 
commander, the retubing of auxiliary condensers may be 
performed by forces afloat or by a naval shipyard, without 
obtaining authority from BuShips. Remember that all in- 
terior parts of the condenser shell must be thoroughly 
inspected before replacement tubes are installed. 
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When operating deaerating feed tanks, remember that 
steam and water are mixed by spraying the water so that it 
comes in contact with steam injected into the feed tank. 
Never try to dismantle a deaerating feed tank or make re- 
pairs without proper authorization and without referring to 
the manufacturer's instruction book. 

The air ejector steam strainer should be inspected regu- 
larly and cleaned when necessary. Failure to keep the 
strainer clean, and clogging or scoring of the air ejector 
nozzle, will result in a reduced and fluctuating vacuum. 

Remember that if a lubricating oil cooler becomes con- 
taminated with salt water, the cooler should be thoroughly 
cleaned to remove all traces of foreign matter. 

QUIZ 

1. The difference between the temperature of the condensate dis- 
charge and the temperature corresponding to the vacuum main- 
tained at the exhaust inlet to the condenser is referred to as what? 

2. Under normal operating conditions, when should the inlet tube 
ends of main condensers be examined? 

3. How mar tube erosion from the auxiliary exhaust dumping lines 
be prevented? 

4. How should the steam side of a condenser be kept when the con- 
denser is secured? 

5. Under normal operating conditions, how often should the salt- 
water side of the condenser be inspected? 

6. Under normal operating conditions, how often should the steam 
side of a condenser be inspected? 

7. What are the probable causes of a noise heard inside the inlet 
header of a condenser? 

8. How may foreign matter on the steam side of a condenser be 
removed? 

9. Under normal conditions, how often should condensers serving 
turbines require boiling out? 

10. What is the most common cause of condenser tube leaks? 

11. In general, what is the maximum percent of the total number of 
tubes that can be plugged without seriously affecting the opera- 
tion of the condenser? 

12. What parts of the condenser should be thoroughly Inspected 
before replacement tubes are installed? 

13. What are the results of over-expansion of heat exchanger tubes? 
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14. If any condenser tubes show evidence of leakage at the outlet 
end, after the tubes have been packed, what should be done? 

15. Condenser water chests should not be subjected to pressures In 
excess of how many psi? 

16. What should be done when a loss of vacuum Is accompanied by a 
flooded condenser? 

17. What should be avoided when packing or calking tube joints? 

18. In warming up a cold deaerating feed tank, what step should be 
taken to avoid sudden temperature changes within the tank? 

19. What Is installed in the vent condenser vent line to control the 
amount of vented steam? 

20. If spray valves are taken apart, they should be reassembled to 
give an initial compressed spring length, end to end, of how many 
inches? 

21. How often should an air ejector steam strainer be Inspected? 

22. What will be caused by flooding the inter- or after-condenser 
with condensate brought about by improper drainage or leaking 
condenser tubes? 

23. How often must the reducing valves of air ejectors be inspected, 
cleaned, and repaired? 

24. In order to obtain best results, where should a reducing valve 
be installed in an air ejector assembly? 

25. Under normal operating conditions, recirculation to the main 
condenser, at light loads, is automatically controlled by what 
unit? 

26. If the bearing orifices are properly adjusted, what temperature 
range on the discharge from the lubricating oil cooler will meet 
normal operating requirements? 

27. What are the two chief reasons for lubricating oil cooler failures? 

28. When should zincs installed in lubricating oil coolers be replaced? 
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CHAPTER 



SHIP'S SERVICE TURBOGENERATORS 

In the preceding chapters of this training course, you have 
been given some information that is applicable to turbogen- 
erators. This chapter deals with the operation, inspection, 
and maintenance of turbogenerators. 

TURBINE GOVERNOR SYSTEM 

Ship's service generators supply electricity for lighting 
and power throughout the ship. Since a constant voltage 
and frequency must be maintained on the ship's service lines, 
the generator turbine operates at a constant speed. This 
speed is maintained at a predetermined rate — regardless of 
load and exhaust pressure conditions — by means of a con- 
stant-speed governor. Other control features include (1) 
an oversfeed trip, which closes the throttle if the speed regu- 
lating governor fails to operate and the turbine overspeeds, 
(2) a back-pressure trip, which closes the throttle if exces- 
sive exhaust pressure is built up, and (8) a manual trip, 
which makes it possible for the throttle to be closed quickly 
in case of damage to either the turbine or the generator. 

A typical ship's service generator governor system (fig. 
5-1 ) consists of a centrifugal governor which operates a pilot 
valve controlling the flow of oil to the operating cylinder. 
In turn, the cylinder piston controls the amount of opening 
or closing of the turbine nozzle valves, through which steam 
is admitted to the turbine. 

The gear type oil pump and the main speed governor, 
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mounted on the same shaft, are driven through a worm and 
gear. The worm is directly connected to the low-speed gear 
shaft of the turbine reduction gear, and thereby drives the 
governor at a speed that is directly proportional to the speed 
of the turbine. 

Speed control is affected by varying the number of nozzle 
control valves that are open, through the operation of a lift- 
ing beam mechanism ; as the beam is moved up and down, the 
nozzle valves open and close in a predetermined sequence. 

OPERATION OF THE MAIN SPEED GOVERNOR 

When the turbine tends to slow down, because of an in- 
creased load on the generator, the governor weights move 
inward and cause the pilot valve to move upward, allowing 
oil to enter the operating cylinder. This causes the operat- 
ing piston to rise and, through the controlling- valve lever, 
raises the lifting beam, opening the nozzle valves and admit- 
ting additional steam to the turbine. This upward motion 
of the controlling-valve lever causes the governor lever to 
rise, thus raising the bushing. Upward motion of the bush- 
ing tends to close the upper port, shutting off the flow of oil 
to the operating cylinder; this stops the upward motion of 
the operating piston. The purpose of this follow-up motion 
of the bushing is to regulate the governing action of the pilot 
valve. Without this feature the pilot valve would operate, 
with each slight variation in turbine speed, to alternately 
fully open and fully close the nozzle valves. 

When the turbine tends to speed up, because of a decreased 
load on the generator, the governor weights move outward, 
moving the pilot valve downward, opening the lower ports, 
and allowing oil to flow out of the operating cylinder. This 
action causes the controlling- valve lever to lower the lifting 
beam, thereby reducing the amount of steam delivered to 
the turbine. The downward motion of the controlling- valve 
lever causes the governor lever to lower; this lowers the 
bushing. The downward motion of the bushing tends to 
close the lower port, preventing oil from flowing out of the 
operating cylinder. 
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The other three control devices mentioned earlier (the over- 
speed trip, the back-pressure trip, and the manual trip) all 
operate to close the throttle and emergency valve. This 
valve is fitted with a special device which disengages the 
valve stem from the handwheel operating gear whenever the 
valve is tripped. This action allows the spring pressure 
exerted on the top of the valve disk to force the disk down 
on its seat, closing the valve. 

The overspeed trip is operated by the emergency governor 
(shown in fig. 5-1) mounted on one end of the shaft. It con- 
sists essentially of a plunger, which is held in place by a 
spring. As the plunger moves out, it strikes the trigger, 
which trips the trip rod, causing the bell crank to move to the 
right. This motion, in turn, causes the throttle valve to close 
by forcing the valve stem down. 

The excessive back-pressure tripping device consists of a 
bellows and spring arrangement, connected to the exhaust 
casing of the turbine. If excessive back pressure is built 
up in the casing, it will overcome the compression of the 
spring and cause the lever to operate the manual trip. The 
manual tripping device operates the trigger in the same way 
as the emergency governor, closing the throttle. If it be- 
comes necessary to stop the turbine quickly, the manual trip- 
ping device may be operated by hand. 

OPERATION OF THE GENERATOR TURBINE 

When a generator turbine is started, it is subject to vari- 
able expansion movements because of changing temperature 
and load conditions. Therefore, when a turbine is being put 
in service, a reasonable amount of time should be spent in 
warming it, gradually increasing the speed and applying 
the load. 

Starting the Turbine 

When starting a turbine driving an electric generator, the 
following procedure is recommended : 

1. See that the oil in the tank is well above the normal 
operating oil level. 

- 
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2. Open the drain ahead of the throttle valve. 
8. Leave the drain ahead of the throttle valve open for 
ft short time until the condensate is discharged. 

4. Start the condenser pumps (condensate pumps, air 
ejector, and circulating pumps). 

5. Open the turbine exhaust to the condenser. 

6. Bring the vacuum to about 15 inches Hg. 

7. Operate the hand oil pump sufficiently to move the 
piston of the steam control valves upward, thus admitting 
steam to the turbine. The hand pump supplies oil to the 
bearings at the same time. 

8. Open the throttle valve. As soon as the turbine is 
started, trip the emergency tripping mechanism by hand to 

that it operates properly. 

9. Close the throttle valve, reset the tripping mecha- 
nism, and reopen the throttle only enough to keep the turbine 
rotor rolling slowly. 

10. Admit gland sealing steam to the high-pressure and 
low-pressure packings. 

11. See that there is no indication of rubbing of the shaft 
packing or rotor, while the rotors are revolving slowly. 

12. Open the throttle valve wider and gradually increase 
the turbine speed so that the low-pressure oil gage indicates 
approximately 4 psi. 

13. Watch all bearing oil temperatures and, during the 
accelerating and warming-up period, listen carefully for any 
rubbing, vibration, or other unusual noise. Do not continue 
operation until the cause of any trouble has been determined 
and corrected. 

14. Cut in the circulating water to the oil cooler when 
the oil temperature of the bearings reaches approximately 
110° F. Regulate the flow of cooling water to suit the con- 
ditions. 

15. Increase the turbine speed to operating speed when 
the unit is satisfactorily warmed up. 

16. Close the turbine drains and increase the vacuum as 
much as conditions will permit. 
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17. Open the throttle wide, as soon as the normal speed 
Ir reached and the machine is controlled by the speed gov- 
ernor, and retest the operation of the emergency tripping 
device. 

18. Close the throttle valve about y% turn; this will 
prevent the sticking of the throttle valve which may be 
caused by expansion. 

Synchronizing Generators 

Aboard large vessels, the ship's electrical load is shifted 
from one generator to another in order to obtain an approxi- 
mately equal distribution of running time. Each time the 
load is shifted, the incoming generator must be synchronized 
with the other generator (s) being operated. (Two genera- 
tors operating in parallel, or in step with each other, are said 
to be synchronized.) As soon as a turbine which has just 
been started is controlled by the main speed governor and 
operating satisfactorily, the Electrician's Mate will synchro- 
nize the generator with the synchronizing device (fig. 6-1), 
and connect it to the system. 

In paralleling two a-c generators, three factors are in- 
volved: voltage, frequency, and phase relationship. The 
synchroscope measures the difference in the phase angle and 
the frequency, at every instant, between the incoming genera- 
tor and the operating unit ; it shows when the coupling device 
must be closed. 

To synchronize an incoming generator with an energized 
unit, the procedure is as follows : 

1. Adjust the control devices of the incoming machine to 
secure normal speed and voltage, and place the voltage regu- 
lator in control. 

2. Check the voltage of the operating unit and of the 
incoming unit; turn the rheostat of the voltage regulator 
until the voltage of the incoming generator is the same as 
that of the operating unit. 

8. Connect the synchroscope across the operating unit and 
the incoming unit. Depending upon the difference in the 



139 



frequencies of the two units, the pointer will rotate in one 
direction or the other. 

4. Manipulate the control switch until the pointer moves 
slowly in the clockwise direction. When it passes through 
the zero position, close the generator breaker. 

By means of the synchronizing device, a light load is ap- 
plied gradually to the generator that has just been brought 
in. After the exhaust casing has cooled, additional load 
can be applied as desired. 

Running the Turbine 

The following steps should be observed during the opera- 
tion of a turbine : 

1. See that the water is circulating in the oil cooler. 

2. See that air is circulating in the generator and exciter. 

3. See that the oil pump delivers an adequate supply of 
oil to the bearings and operating cylinder. 

4. Adjust the hand valves on the steam seal manifold, in 
accordance with the manufacturer's instructions. 

5. Determine, at periodic intervals, the temperature of 
the bearings. A satisfactory running temperature of the 
return oil is 140° to 170° F. The maximum temperature 
should not exceed 180° F. The temperature rise of oil 
through any bearing should not exceed 50° F. A log should 
be kept of bearing oil temperatures. 

6. Inspect the lubrication system, making sure that all 
parts are working properly. 

7. Check the vacuum to see that the condenser is operating 
properly. 

8. Keep the valve-lifting rod free from dirt at the guides, 
so that the mechanism will operate smoothly. 

9. Clean and oil the spindle of the throttle valve, and the 
connections between the levers of the governing mechanism, 
using a light, heat-resisting oil to prevent gumming. 

Make sure that the emergency devices are in proper oper- 
ating condition; otherwise, the turbine should be stopped 
immediately. 
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Securing the Turbint 

When a turbine is to be secured, the procedure is as follows : 

1. Decrease the load gradually to a minimum. 

2. Trip the circuit breaker. 

3. Turn the voltage regulator switch to manual. 

4. Cut in all the resistance in the generator field circuit, 
and all the resistance in the exciter field circuit, by means of 
the rheostat handwheel. 

5. Shut off the cooling water and turn on the heaters, if 
they are provided. 

6. Trip the throttle valve by pressing on the manual-trip 
button, at the emergency tripping device. 

7. Close the stop valve ahead of the throttle valve and 
open the drain ahead of the throttle valve. 

8. Close the turbine exhaust to the condenser. 

9. After operating the air ejector continuously for 20 
minutes, stop the air ejector, the circulating pump, and the. 
condensate pump. 

10. Open the drain ahead of the throttle valve. 

When the turbine is shut down, even for a short time, 
take every precaution to guard against steam bleeding into 
the turbine casing. When the unit is restarted, bring it 
up to speed with the same care that is exercised when starting 
cold. 

INSPECTION, MAINTENANCE, AND REPAIR OF 
TURBOGENERATORS 

Successful operation of turbogenerators depends largely 
upon the care and attention given the units or equipment. 
Maintenance should be performed in accordance with manu- 
facturers' and BuShips instructions. 

Care of Generator Turbines 

After each period of steaming, and at least once each quar- 
ter, the turbine foundation and the unit itself should be 
carefully inspected for loose and broken nuts and bolts. Such 
nuts or bolts should be tightened immediately, or renewed. 
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Concurrently with the above examination) care should be 
exercised to inspect the turbine casing, especially near glands 
and in all locations where water may collect in pockets or 
under the lagging. Experience has shown that where water 
or dampness is permitted to remain in contact with the cas- 
ings, corrosion may seriously weaken the casings before it 
is discovered. Drain holes provided in pockets must be kept 
open and should be of such size that they are not easily 
stopped up. When corrosion is evident, the lagging should 
be removed, if necessary, and the affected surfaces bared 
and* cleaned to good metal. The exposed surfaces should 
then be dried and painted with two coats of approved paint. 
Lagging should then be replaced and practicable steps taken 
to prevent recurrence of corrosion. 

All sliding contacts and pivot points in the governor and 
overspeed tripping mechanisms should be kept free, clean, 
and well oiled, so that there will be no sticking; otherwise, 
the safety devices will not function properly at the set 
speed of rotation. The condition of the split pins, or other 
securing devices or overspeed tripping mechanisms, should 
be inspected carefully. 

When a turbine is new, or after extensive repairs have been 
made to a unit, the oil in the reservoir must be renewed or 
renovated frequently. At other times, the oil must be re- 
newed or run through the purifier frequently. When it is 
necessary to flush out the system, operate the turbine slowly 
for several minutes, using an approved flushing oil to thor- 
oughly clean out all lines, bearings, pockets, etc. Then drain 
off the flushing compound and fill the reservoir with clean 
oil. 

Inspection of Gear Teeth 

A visual inspection of the tooth contact of the pinion and 
gear should be made periodically and a record as to the con- 
dition of the teeth should be maintained on the Machinery 
History Card. 

Uniform distribution of wear over the entire length of 
both the gear and pinion teeth is an indication of correct 
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tooth contact. Any deviation from this condition may indi- 
cate misalignment of either the gear casing or the connecting 
shafts. When misalignment is indicated, all available infor- 
mation should be entered in the Current Ship's Maintenance 
Project (CSMP), so that a work request can be made for 
naval shipyard repairs. In an emergency, repairs can be 
made by tender or repair ship. 

Examine the gear teeth and the pinion for pitting, and 
remove any noticeable high spots caused by abrasions from 
foreign matter passing through the mesh. This may be done 
with a very fine grade of carborundum stone. Do not use 
a file or scraping tool ; either of these tools may easily damage 
the tooth contour. 

Cart and Operation of the Lubrication System 

In connection with the lubrication system, the following 
recommendations are suggested : 

1. See that the oil and lube system are clean and the 
proper oil level maintained. 

2. Maintain an ample reserve supply of oil for emer- 
gency use and for making up the deficiency as required. 

8. Take samples of oil from the oiling system periodi- 
cally and have them analyzed. 

4. Do not allow water to mix with oil. If water accu- 
mulates, it can be removed by draining from the bottom of 
the tank or by centrifuging the oil. An inspection should be 
made to determine the source of water and eliminate the 
cause. 

5. See that the pressure gages are registering properly 
and that the gage cocks, if used, are throttled sufficiently to 
reduce needle vibration and consequent wear on the internal 
gage mechanism. 

6. Test the oil cooler periodically for water leaks. 

7. Maintain the pump, cooler, strainer, and other appli- 
ances in an efficient condition for furnishing an ample supply 
of clean oil. 

Failure of Oil Supply. If the supply of oil to the bear- 
ings is interrupted, stop the turbine immediately ; then take 
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the necessary steps to get the oil circulation reestablished. 
These steps may include any one, or a combination, of the 
following : 

1. Clean the strainers. 

2. Repair broken line. 

3. Remove obstruction from line. 

4. Put additional oil in the reservoir. 

5. Increase the oil pressure by increasing the setting of 
the oil relief valve. 

If a turbine has to be shut down because of an overheated 
bearing, it should be slowed down, but kept turning over at 
a low speed until the bearings and journal have cooled suffi- 
ciently to prevent the bearing metal from freezing to the 
shaft. 

If it is noticed that the oil supply is failing, immediately 
examine the bearings, the lines, and the reservoir. If tem- 
porary repairs cannot be made satisfactorily with the turbine 
operating, the turbine must be secured. 

Oil Leakage. There are several causes for leakage and 
throwing of oil by turbines. The majority of these causes 
may be remedied by operating personnel. The following 
instances are cited with corrective measures to be taken : 

1. If oil leakage occurs where a shaft emerges from a 
housing, the oil seals or deflector may be excessively worn 
or damaged. In such cases the oil seal or the deflector 
should be replaced. 

2. The oil return holes may be too small or may become 
clogged with residue in the oil. As the bearings wear and 
the oil return holes become clogged with dirt, a greater quan- 
tity of oil than the holes can accommodate will pass through 
the bearings. This causes the oil to back up and out at the 
ends of the bearing. If the bearings are badly worn, the 
only remedy is to fit spare bearings. When the bearings are 
taken down for overhaul, the passage of the oil grooves and 
the oil return holes should be cleared of all sediment. 

3. If the relief valve is set too high and oil leaks from the 
bearing ends, the pressure setting should be slightly reduced 
to allow some of the oil to be bvnassed back into the reservoir. 
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Cora of Bearing* 

In general, repairs of bearings for propulsion turbines and 
ship's service turbogenerators are performed similarly. 

Turbine bearings are split horizontally to facilitate in- 
stallation and removal. They are generally of the babbitt- 
lined type, and the halves are prevented from rotating by 
means of dowel pins or setscrews. Make sure that the bear- 
ings are installed properly, receive sufficient lubrication, and 
do not become overheated. In addition, see that the bearing 
caps are maintained tight, in accordance with the manu- 
facturer's instructions. 

To remove a bearing lining, first remove the upper half 
of the bearing cap and the adjacent oil deflector. Remove 
the bolts which hold the two halves of the lining together, 
then lift off the upper half of the lining. Place the lifting 
yoke in position, and turn down the lifting yoke screw until 
the rotor is lifted sufficiently so that the lower half of the 
bearing lining may be rolled out. 

Bearing lining halves are not interchangeable with those 
of another bearing ; therefore, when requesting renewal parts, 
order both top and bottom halves of the bearing lining. 

Alignment of Turbine-Gear-Generator Sett 

Successful operation of the turbine-generator set requires 
accurate alignment of the entire unit. Proper alignment of 
the unit requires the setting of the gear casing to maintain the 
centerlines of the reduction gear and pinion gear in the same 
plane. This is essential to obtain satisfactory tooth contact. 
For proper alignment it is also required that the pinion and 
turbine shafts (as well as the gear and generator shafts) run 
true with one another. 

In addition, the centerline of the generator must be in the 
same vertical plane as the centerline of the turbine. 

Inspection of Governor Control Valves 

When turbines are dismantled for repairs or inspection, 
the condition of the governor control valve should be checked. 
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Where governor valve seats are loose, they should be seal- 
welded or silver-soldered in place, if practicable. Inspec- 
tion of the valve seats frequently discloses that seating areas 
are steam cut and eroded. Replacement valve seats should 
be ordered in accordance with manufacturer's specifications. 

BuShips has received numerous reports of overspeeding 
and failure to parallel at light loads on turbogenerator sets 
(GE 500- kw to 1260-kw), due to excessive leakage between 
the control valve seats and the steam chest. In many cases, 
the leakage has been corrected by seal welding the existing 
valve seat inserts in the steam chest. The following proce- 
dures will minimize the danger inherent in a repair of this 
type and ensure uniformity of corrective action : 

1. Insert suitable carbon, copper, cast iron, or wooden 
plugs in the valve seats to protect the seating surface from 
weld spatter or from other damage. 

2. Seal- weld the valve seats to the steam chest, observing 
the following precautions : 

a. The temperature of the metal parts should range from 
150° F to 250° F, during welding. 

b. A single layer bead weld should be made by using 
%-inch diameter electrode conforming to Navy Specification 
46E3(INT), grade III, class 1, at approximately 100 amp 
d-c straight polarity (electrode negative) . The weld should 
be started at a suitable location on the periphery of the joint 
to be sealed so that the starting point can be overlapped 
approximately %-inch before drawing the bead off the joint 
onto the steam chest floor for breaking the arc. 

c. After one seat is welded, a period of approximately 
15 minutes should be allowed for temperature equalization, 
before an adjacent seat is welded. Alternate seats may be 
welded without any time delay. 

d. After the slag and weld spatter have been removed, 
all welds should be tested with magnetic powder and any 
defects properly repaired. The valve seat facing should then 
be visually inspected for cracks or other damage. Seats ex- 
hibiting cracked seat facings should be replaced with new 
seats. 
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e. After seal-welding has been completed, the valves and 
valve seats should be spotted in. 

8. Check to see that there is a minimum of ^ 2 -inch clear- 
ance between the ends of the lift rods and any weld on the 
seats, with the valves closed, after the valves are reassembled. 

Adjustment of Main Speed Governor 

This governor is adjusted at the factory for a normal oper- 
ating speed of 618 rpm. The factory adjustment is perma- 
nent and should not be changed. Damaged governors should 
be sent to the factory to be retested and repaired. 

If it becomes necessary to readjust the governor-lever 
fulcrum, the speed range, or regulation, may be changed as 
desired by shifting the position of the fulcrum pin in the 
holes in the restoring lever. To increase the percent regu- 
lation, use the holes farthest away from the trunnion pin. 
However, if the governor is too narrow, instability and con- 
sequent hunting (a variation at constant load) may result. 
Do not decrease the percent regulation to such an extent that 
hunting results. 

Testing of Overspeed Trips and Emergency Governor 

Overspeed trips are installed primarily for the protection 
of equipment. Extreme care must be exercised in testing 
and maintaining these trips. In addition to being tested 
by hand, overspeed trips in use should be tested each week by 
overspeeding the units, where practicable. The overspeed 
trips should also be tested prior to being put in service after 
an idle period of one week or longer. 

Overspeed Trip Test. This test, as well as the speed- 
limiting or emergency governor test, is generally conducted 
under the supervision of the engineer officer, with a reliable 
man at the turbine throttle, and a man with a tachometer at 
the exposed end of the shaft. In performing the overspeed 
trip test, start the turbine and run it slowly until adequately 
warmed up. Then with the constant speed governor ren- 
dered inoperative, gradually increase the turbine speed until 
the tripping speed is reached. The trip should function 
when the speed is about 10 percent above the normal operat- 
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ing speed. If the overspeed trip fails to function at this 
speed, the operator at the throttle should trip the unit by 
hand. Necessary adjustments should be made and the test 
repeated until satisfactory performance is obtained. The 
result should be entered in the engineroom log. 

Speed- Limiting Governor Jest. Once each quarter, and 
at such times as may be necessary, speed-limiting governors 
should be tested by speeding up the turbines, using the 
method described below, and the result entered in the engine- 
room log. 

Start the turbine and run it slowly until it is adequately 
warmed up. Then open the throttle and gradually increase 
the speed, taking readings with a tachometer. As the tur- 
bine approaches full speed, observe the action of the gov- 
ernor; it should operate smoothly. When the governor has 
control, carefully open the throttle valve somewhat wider 
and see that the speed does not increase to more than 5 per- 
cent above the maximum operating speed. If the governor 
fails to function at the proper speed, necessary adjustments 
should be made in accordance with the manufacturer's in- 
structions; these adjustments are generally accomplished by 
means of the adjustment nut which is used to change the 
tension of the external spring. 

If a speed-limiting governor is dismantled for any reason, 
a test should be conducted to assure proper functioning of 
the governor before the unit is put back into service. 

Abnormal Vibration 

As soon as abnormal vibration is evident, a thorough in- 
vestigation should be made to determine the cause (s) of the 
trouble. If the trouble is not immediately remedied and 
defects are allowed to accumulate, bearing and packing clear- 
ances become excessive, with consequent loss of oil and steam. 
In addition, the bearings and packing are soon ruined and if 
the turbine is kept in operation, further trouble may result 
in complete disablement of the unit. 

Vibration of a turbine may be caused by : 

1. Loose or poorly lubricated bearings. 

2. Worn thrust bearings. 
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3. Rubbing or binding parts. 

4. Driven unit out of balance. 

5. Driven unit out of alignment. 

6. Loose or broken foundation bolts. 

7. Turbine rotor out of balance. 

8. Carbon packing clearances too small. 

9. Bent shaft. 

If a turbine vibrates to such an extent that an out-of- 
balance condition is suspected, the following steps should be 
taken : 

1. Examine the bearings and renew if the clearance is 
excessive. 

2. Examine and, if necessary, adjust or renew the thrust 
bearing. 

3. Examine all parts for evidence of rubbing or binding. 

4. See if the carbon packing clearances are satisfactory. 
If the clearances are too small and the speed kept constant, 
the vibration will become worse. Friction will cause the 
shaft to overheat, and start to show heating colors. Be sure 
that sufficient steam is being supplied to the gland. If neces- 
sary, refit the packing. 

5. Check the alignment, including contact surfaces of 
the reduction gears. 

6. Check the bolts in the shaft couplings. 

7. Look for loose bolts in the unit and its support. Re- 
place or tighten bolts, if necessary. 

8. Remove the rotor and the shaft. If possible, check 
the shaft in the lathe, for runout. 

9. After the above steps have been performed and the 
turbine is reassembled, run the unit at normal speed to de- 
termine if vibration has been eliminated. 

If the turbine continues to vibrate, it probably is still 
out of balance and a running balance must be made. This 
may be accomplished in place by use of the Davey vibrometer 
carried by tenders and repair ships, or by removing the tur- 
bine and having it balanced at a navaL shipyard. If the 
Davey vibrometer is used, maximum readings on the 
vibrometer scale should not exceed 0.003 inch. 
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Lifting Turbln* and Otar Casing 

For lifting the turbine and gear casing of a turbine- 
generator set, BuShips authority is generally not required. 
The lifting procedures are the same as for main turbines 
and reduction gears. 

Disassembly of Turbine and Rotor. The procedure to be 
followed in dismantling the turbine may be determined by 
studying the various illustrations and the unit itself. The 
following sequence and precautions are given only as a guide 
and in the expectation that they may prove helpful. 

To remove the upper half of the turbine casing, proceed 
as follows : 

1. Disconnect the oil and steam piping to the throttle 
valve. 

2. Remove the throttle valve. 

8. Disconnect the restoring lever from the controlling 
valves, and from the pilot valve and synchronizing device. 

4. Remove the upper half of the turbine lagging. 

5. Remove the bolts at the horizontal joint of the turbine 
high-pressure head and the exhaust casing. It iB not neces- 
sary to remove the bolts from the circumferential joint. 

6. Remove the upper halves of the high-pressure and 
low-pressure packing boxes. Lift vertically and carefully 
to avoid injury to the packing. 

7. The casing may now be lifted. To aid in breaking 
the horizontal joint, insert some of the flange bolts in the 
blind tapped holes, on the horizontal flange of the upper- 
half wheel casing, and use them as jack screws. The upper 
halves of the diaphragms and diaphragm packing are 
fastened to the upper half of the casing and will be lifted 
with it. 

To remove the turbine rotor, proceed as follows : 

1. Remove the turbine bearing-bracket cap and the 
emergency tripping device. 

2. Remove the packing rings from the lower halves of the 
high-pressure and low-pressure packing boxes. 

8. Remove the pilot-valve housing from the gear casing. 
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Before removing the housing, see that the pilot-valve bush- 
ing is removed; otherwise injury to the pilot valve, to the 
bushing, or to both the pilot valve and the bushing, may 
result. 

4. Remove the upper half of the gear casing. 

5. Remove the top halves of the pinion bearings, and dis- 
mantle the thrust bearing. 

6. Lift the turbine rotor and reduction-gear pinion as a 
single element 

Disassembly of Gear. The turbine governor and the pilot 
valve are mounted on the reduction gear. Therefore, when 
removing the upper half of the gear casing, it is necessary to 
proceed as follows : 

1. Disconnect the restoring lever linkage, between the 
pilot valve and the control valve piston rod, and other parts 
that form a connection between the turbine high-pressure 
head and the upper-half gear casing. Care must be taken to 
avoid damage to the pilot valve. 

2. Remove the thrust bearing cover and the two top studs 
that hold the high-speed thrust bearing to the upper-half 
gear casing. 

8. Remove the bolts from the upper and lower half of the 
gear casing. Remove the end cover plates, which are bolted 
to the upper and lower casing. Remove the coupling guard 
from the upper-half and the joint bolts in the oil deflectors. 
Remove the taper dowels from the joint flange. 

4. Remove all thermometers and gages from the upper- 
half gear casing. 

5. Open the horizontal joint, between the upper and lower 
gear casing, by means of jacking bolts screwed down into the 
threaded holes provided in the flanges of the upper half of 
the casing. 

6. Lift the casing by means of the eyebolts provided, 
taking care not to let the casing strike against the gear. 
Since the pilot valve remains connected to the governor, be 
sure to lift the casing high enough to let the pilot valve clear. 

The pilot valve body may, if necessary, be removed from the 
gear casing by removing the studs at the flange connections. 



171 



CO 



CO 



6 

o 



(1) 
P 

.2 
a 

0> 



a? 

s 

I 

s. 



3 

CO 

a 

o 

o 

a 



CD 

a 

o 
E 

be 
G 

o 



CP 



s 



S3 



o 

03 

6 

c 
ov 





I 



P3 &e< 



43 43 43 

o o o 

«_>«-> w 

ofl ao cS 

* t* tt 



1 

9 



43 43 

O ep 

a3 09 

0) o 

M be be 

a I £ 

3 S 5 

*0 *C3 'O 

oo » og 



03 



c 



d 



c 
42 



to 



9 

b£ 

9 
1 

2 

«3 
> 
L 
$ 

C 



< < < < 



tch 


tch 




ft 


03 




33 

s 


=3 

8 


'3 


a 
c 


c 

C 






c 

* — i 


3 



I 

e 



c 

s 

as 

a 

2 
a 
a 

03 

c 

o 
d 

a3 
03 

ft 

•»-H 



o 

Tj 

JS 

o 

CO 

S 

O 



3 



a 

o 
be 

% 
o 



^ bC 

H a) 

^3 



c 
a. 



a 

o 



o 

t 

03 



03 
1 

a 

& 
43 



bo 

1 
s 
1 

d 
> 

CD 

a 

o 




~ d i 

o ► > 

9 V O 

43 E ** 

o © o 

H h H 



§ 

43 

43 

33 

O 



► 

1 



1 i 



5 

03 
43 
x 

03 

e 
8 

to 



§ 

43 



to 

43 . O 

si * 
~* I 
sr. § 

~E 8 

P 3 > 

3ft "3 
> 



s 



a 



e 
a 
r 



S T3 



I 

cO 
43 



43 S3 

O *o 

T3 -a 

§ § 

S 2 

o o 



o 

43 
-*-> 

8 

u 
43 
P 



ft 

CP 

fi 
43 

& 

w 

CD 

43 



be 



e 

t 

o 
>» 

i 
i 



c 

> 

O 

CO 

43 



>> 3 m 3 S 3 3 

'5 oj o> £ o> « CP 
H ^ ^ ^ ^ ^ ^ 



5 £ i. S £ S 3 



172 










>> 


>> 






1 


03 
■*-> 


ter 


fpr 


Tl 
0) 
+-> 






Quar 


Quar 


Quar 


Quar 


Quar 


Quar 


Quar 


s 






(ta) 






P, 



173 



Rtpalr Guldt List 



A sample repair guide list which should be followed in the 
overhaul of a turbine is given below: 



No 

Type 

Manufacturer. 

Siie 

Date 



.Turbine 



Overhaul and Repair Procedures 



1. Assemble drawings 

2. Collect previous data _ 

3. Sleeve bearings 

(a) . Take bridge gage or crown thickness reading. 



Turbine bearing, for'd. 
Turbine bearing, aft... 
Pinion bearing, for'd- . 

Pinion bearing, aft 

Gear bearing, for'd 

Gear bearing, aft 



(6) Inspect, clean, rebabbitt or renew 

(c) Clean and dress journal 

(d) Clean oil wells, passages, pockets, etc. 

(e) Reassemble 

Thrust bearing: 

(a) Inspect, clean, renew parts: 

(1) Ballbearings 

(2) Collar 

(3) Shoes or thrust plates 

(6) Adjust for proper clearance 



i 



i 
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Orel haul and Repair Procedural 



i 



5. Turbine valves: 

(o) Examine 

(6) Adjust 

(c) Grind in aeat 

(d) Grind in disk , 

(a) Test 

6. Fittings: 

(a) Inspect, clean, and adjust: 

(1) Relief valve 

(2) Speed-limiting or constant-speed governor 

(3) Overspeed trip 

(4) Low-oil pressure alarm oontaotor or trip.. 

(5) Baok pressure trip 

(6) Gages 

7. Packing: 

(a) Examine for defeotive segments or rings 

(b) Clean all parts 

(c) Replaoe defective parts 

(d) Adjust and reassemble , 

8. Rotor: 

(a) Inspect: 

(1) Blade wheels , 

(2) Keys for blade wheels , 

(3) Wheel securing nuts , 

(4) Blades , 

(5) Shrouding , 

(6) Packing sleeves 

(7) Forward journal 

(8) After journal 

(6) Clean all parts 

(c) Straighten blades 

(d) Clean, polish, straighten shaft 

(a) Measure and record axial clearances 

(/) Adjust axial olearanoe. 

0. Casing: 

(a) Inspeot and clean as neoessary: 

(1) Interior surface of oasing 

(2) Noaale 

(3) Nozzle diaphragms 

(4) Diaphragm paoking rings , 
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Overhaul and Repair Procedures 



8 
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9. Casing — Continued 

(a) Inspect and clean as necessary — Continued 

(5) Axial crushing pins 

(6) Radial crushing pins 

(6) Examine for loose nozzle bolts or nuts and tighten 

if found 

(c) Clear all drain holes 

10. Oil system: 

(a) Inspect, clean, adjust: 

(1) Lines . 

(2) Reservoir 

(3) Strainer „1 

(4) Oil pump 

(5) Oil gage 

(6) Hydraulic cylinders 

' (7) Oil cooler.. , 

(6) Flush with approved compound 

(c) Flush with oil 

(d) Refill with clean oil 

11. Replacing casing: 

(a) Clean flanges, bolt holes, etc 

(6) Clean grooves . 

(c) Polish flanges . 

(d) Examine casing for articles left behind (tools, 

waste, metal, etc.) ' 

(e) Blow through with air 

(J) Apply jointing material 

(g) Lower cover 

(h) Replaqe bolts and set up on nuts 

12. Reduction gears: 

(a) Thoroughly clean by blowing with air: 

(1) All oil passages in the casing 

(2) Oil pipes. 

(3) Oil manifolds : 

(4) Spray nozzles 

(6) Examine pinions and gears for: 

(1) Damaged teeth 

(2) Pitting 

(3) Rusting 

(c) Remove any burrs from pinion or gear with a fine 

file or oil stone 
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Overhaul and Repair Procedures 
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12. Reduction gear* — Continued 

(d) Check alignment and clearances _ 

(e) Clean oil joints of casing 

(J) See that no material is left in gear case 

(g) Replace covers 

13. Reassemble: 

(a) Check alignment of turbine and driven apparatus 
(6) Check alignment of rotating blades and station- 
ary blades or reversing chambers 

14. Test: 

(a) Turn over by hand 

(6) Turn over with steam 

(c) Test overspeed trip or speed-limiting governor. . 



SAFETY PRECAUTIONS 

The following safety precautions should be observed : 

1. Turn the turbine daily by hand and before admitting 
steam to the casing. 

2. Do not lash down an overspeed trip or a speed-limiting 
governor, nor take other steps to render them inoperative. 

3. Keep the exhaust casing relief valve set at the proper 
pressure and in operating condition at all times. Test by 
hand before admitting steam to the casing, and test quar- 
terly by steam, gradually closing the exhaust valve (if fitted) 
until the relief valve lifts. During this test, an exhaust 
pressure gage must be carefully watched. 

4. Keep the oil reservoir well filled with clean oil at all 
times. 

5. Inspect the turbine, before starting, especially if the 
unit has not been operated for a long period, to see that no 
foreign matter is present. 

6. Keep the unit properly balanced at all times. 

7. Avoid water hammer by properly draining lines and 
opening valves slowly. 
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8. Test the overspeed trip (if provided) before the tur- 
bine is put in service. 

9. Test the speed-limiting governor by steam at least once 
each quarter. 

10. Prevent steam from passing through a turbine with 
the rotor at rest. 

11. Prevent air from entering the generator turbine 
glands. 

12. Keep the governor operating mechanism and regu- 
lating valve stems clean and free from corrosion, and the 
cylinder insulation well clear of the steam-chest lift rods. 

18. Keep the bearing oil pressure at the proper amount. 

14. Keep the oil strainer clean. 

15. Keep the oil cooler clean. 

SUMMARY 

As an MM 1 or C, you should become familiar with the 
methods and procedures for starting and securing steam tur- 
bine generators. In addition, it will be your responsibility 
to see that routine tests and inspections are performed, and 
that the necessary authorized adjustments and repairs are 
made. 

Every possible means should be used to maintain the oil 
in a clean condition. If the oil supply fails, the bearings, 
the lines, and the reservoir must be examined immediately. 
If temporary repairs are impracticable, the turbine must be 
secured. Most troubles resulting from leakage and throwing 
of oil by turbines can be corrected by operating personnel. 

Freedom from vibration is essential to the operation of 
turbines. As soon as abnormal vibration is noted, a thorough 
investigation should be made to determine the cause (s) of the 
trouble. 

In dismantling the turbine, the procedure to follow may 
be determined by studying the instructions for the various 
installations, as well as for the individual unit. 
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QUIZ 



1. What is the function of the centrifugal governor of a typical 
ship's service generator turbine control mechanism? 

2. When will the governor weights of the speed control mechanism 
move inward and result in an upward motion of the pilot valve? 

3. When a turbogenerator is being started, why should a reasonable 
amount of time be spent in warming up the unit? 

4. The maximum temperature of the bearings in an operating 
turbine should not exceed how many degrees? 

5. Why must extra precaution be taken when a turbogenerator is 
shut down, even for a short time? 

6. How often should the turbine unit and foundation be carefully 
inspected for loose and broken nuts and bolts? 

7. When must the oil in the reservoir be renewed or renovated 
frequently? 

8. What should be done if a turbine has to be shut down because 
of an overheated bearing? 

9. If the oil supply of a turbogenerator is falling, what should be 
examined immediately? 

10. When governor valve seats are loose, what should be done, if 
practicable? 

11. After one governor valve seat is welded, approximately how much 
time should be allowed for the temperature equalisation, before 
an adjacent seat is welded? 

12. What should be done with damaged speed governors? 

18. If a speed-limiting governor is dismantled for any reason, what 
should be done before placing the unit back into service? 

14. If abnormal vibration is noted, what should be done immediately? 

15. How can the procedure used to dismantle a turbine be deter- 
mined? 

16. What should be done before removing the pilot-valve housing 
from the gear casing? 

17. When a ship is under way, how often should a routine inspection 
be made of all parts under vacuum? 

18. How often should the valves, cocks, and drain lines be checked 
for tightness? 

10. How often should the speed-limiting governor be tested to see 

that it functions at speeds for which it is set? 
20. How often should a turbogenerator be turned manually? 
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CHAPTER 




PUMPS 

This chapter emphasizes the types of inspections and the 
repair and overhaul procedures commonly required for re- 
ciprocating and centrifugal pumps. A section on the opera- 
tion and repair of pressure-regulating governors is also 
included. 

Pumps are the most numerous units of auxiliary machinery 
aboard ship ; therefore, care and maintenance is an extremely 
important task. Faulty operation or maintenance, improper 
lubrication, and neglect to observe safety precautions are the 
major causes for pump failure. As an MMl or C, you will 
be responsible for adjustments, maintenance, trouble shoot- 
ing, and operational repair of all pumps in the engineroom 
and other assigned spaces. 

RECIPROCATING PUMPS 
Maintenance 

In order to maintain reciprocating pumps properly, peri- 
odic tests and inspections must be made. Two important 
maintenance factors are adjustment of piston stroke and 
alignment of pumps. 

Adjustment of Stroke. In order for a reciprocating 
pump to operate properly, the piston should travel a little 
beyond counterbore ; this means that the pump must operate 
with the full length of stroke. A full stroke ensures a more 
even wear throughout the cylinder. 
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When a pump does not have full stroke, something is wrong 
with the adjustment. A short stroke results in incomplete 
cushioning and the formation of shoulders in the cylinders 
and valve chests, with resultant breakage of rings and fol- 
lowers. These shoulders will have to be removed before full 
stroke can be obtained. Long stroke is usually indicated by 
a heavy metallic knock in the steam cylinder and should be 
immediately corrected. 

To shorten the stroke of the pump, turn the tappet collar 
in one direction; to lengthen the stroke, turn the collar in 
the opposite direction. Once the tappet collars have been 
set, they should be left alone. However, if it becomes neces- 
sary to adjust the tappet collars at frequent intervals while 
the pump is operating, the pump should be shut down and 
dismantled as soon as possible, and the interior parts 
examined. 

Properly adjusted cushioning valves will ensure a full 
stroke for the various pump loads and speeds. The follow- 
ing is a satisfactory rule of thumb for setting steam valves. 
Place pistons and valves in the centers of the cylinders, or 
on half stroke. Then with the top collar all the way down 
to the tappet, the auxiliary valve should be open y± inch at 
the top; and with the bottom collar all the way up to the 
tappet, the auxiliary valve should be open ^ i* 10 * 1 a t 
bottom. With the collars at equal distances from the tap- 
pets, the auxiliary valve should be at the center. 

Another method for setting valves is to place the piston 
and the auxiliary valve on the center, then move each collar 
from the tappet % the width of the steam port. If the 
tappet moves the full distance of the stroke, the distance from 
the collar to the tappet will be y 2 stroke (steam port 
opening) . 

At times the steam valves of a duplex pump will have to 
be adjusted. The pump must first be drained of water. 
Place one piston on its top striking point, and after removing 
the steam chest cover of the valve chest of the other piston, 
adjust and tighten the valve so that there is an excess of 
V 8 inch full port opening at the bottom end. Then place 
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the piston on its bottom striking point, and adjust and 
tighten the valve of the other piston so that there is an 
excess of y 8 inch full port at the top end. 

The other valve can then be adjusted by going through 
the same procedure with the other piston. 

To test whether the adjustment is satisfactory, crack the 
throttle and run the pump slowly, against little or no pres- 
sure, and with the cushioning valves wide open. If the 
cushioning valves are properly adjusted, the piston should 
make a complete stroke without striking the cylinder head. 
If the pistons do not make a complete stroke after the ad- 
justment has been made, a tight piston rod and plunger 
packing may be causing binding. Determine the cause of the 
trouble immediately. 

In figure 6-1 the piston and pilot valves are shown at 
the beginning of the up stroke. Both valves are in the upper 
position, thereby admitting high-pressure steam through 
the lower steam inlet port to the under side of the piston, 
and permitting steam above the piston to escape through 
the exhaust port. 

When the piston reaches the top of the stroke the lever and 
tappet linkage move the pilot, or auxiliary piston valve, 
down, opening Port A to the annular exhaust space above the 
center of the auxiliary and main piston valves. Opening 
Port A thereby releases pressure in space B, below the piston 
valve, and permits the unbalanced higher pressure in space 
C to force the main piston valve down. The small sice of 
the equalizing port in the piston valve prevents the escape of 
any appreciable amount of high-pressure steam into space 
B. The pilot valve has blanked off the upper port, prevent- 
ing the escape of high-pressure steam from space C — even 
after the downward movement of the piston valve has un- 
covered that port — and thereby ensuring complete movement 
of that valve to its lower position. 

At the end of its travel the piston valve cushions itself 
when it blanks off the port to space A, trapping dead steam 
which cannot rapidly escape through the small equalizing 
port in the valve. The initial condition of steam balance is 
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Flfura 6-1. — Pliton slid* valv*. 



reestablished by means of this equalizing port. The above 
described movements are repeated on the opposite end of the 
stroke. 

The force that actuates the main valve is determined by the 
difference in the rate of flow of steam through Port A, which 
is % inch in diameter, and through the ] / ie -inch equalizing 
port drilled through the outside tappet collars of the main 
piston valve. Except when the main valve is actually in 
motion, it is in complete balance, both axially and circumf er- 
entially, so that the friction between the sliding surfaces is 
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the only force restricting its travel. The equalizing port, 
which connects the outer ends of the auxiliary valve cylinder, 
is essential to permit free movement of this valve. Light 
packing will suffice for the valve-actuating rod, since only 
auxiliary exhaust pressures must be held. 

Alignment of Pumps. Improper alignment is one of the 
most frequent sources of trouble with pumps aboard ship. 
Pumps secured to a bulkhead are more subject to misalign- 
ment than those with independent bases and settings. A 
pump may have been properly aligned in the shop and then 
pulled out of line when bolted to the bulkhead ; or, after the 
pump was secured, the ship may have changed shape suf- 
ficiently to warp the bulkhead and cause misalignment. 
Operation of an improperly aligned pump usually scores the 
rod and cylinders, and breaks the followers and bolts. Test 
the alignment of pumps occasionally by removing the piston 
and plunger and running a line through the cylinders. This 
should be performed as a routine test within the first year 
after a ship is commissioned ; and also in the case of a pump 
that is scoring the rod or cylinders, or breaking followers. 

Sometimes, when steam cylinder foundation pad bolts are 
slacked off, the cylinder pad pulls away from the foundation 
as much as y 2 inch, indicating settling of foundations and 
bulkheads. Correct this by fitting shims between the foun- 
dation and the pump. 

Before a line is run through the cylinder or any adjust- 
ments are made, the foundation must be lined up and you 
must determine the location of the centerline. The center- 
line must divide the cylinder equally. (See fig. 6-2.) 
Fasten one end of the line to a temporary beam at the end of 
one of the cylinders. In figure 6-2, the temporary beam is 
rigged above the steam cylinder. Run the line down the 
center of both cylinders, and center it at the bottom and top 
of the steam cylinder, so that it becomes the axis of the 
cylinder. 

Then align the water cylinder with the steam cylinder. 
The water cylinder may be moved and centered on the line 
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without affecting the centering of the line 00 the steam 
cylinder. 

To make a rough check of alignment of a pump, pull the 
steam and liquid end rod packing, and clun k the clearances 
between the piston rods and the cylinder head throat bush- 
ings. Make this check with the pistons in three positions — 
top, center, and bottom of the stroke. If clearance is not 
uniform, but the throat bushings are not worn out of round, 
realign the pump as soon as practicable. 
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Misalignment may also result if the connection between 
the pump and foundation allows for no expansion. This 
condition can be corrected by lengthening the foundation 
bolt holes in the steam cylinder foundation pad, or by using 
foundation bolts y 8 inch smaller in diameter than the holes. 

Troubles and Remedies 

Failure to Start. If a reciprocating pump fails to start, 
proceed as follows : 

1. Secure the pump. Do not attempt to adjust the tappet 
collars. 

2. Examine the discharge and exhaust line for closed 
valves, or for a valve disk that has become detached from 
it.3 stem. If no valves are closed, the plunger or steam pis- 
ton may be frozen, particularly if the pump has not been in 
service for some time. 

3. Jack the pump with a bar, if the pump has been idle 
for some time, to determine if there is excessive friction. 

4. Disconnect the auxiliary valve stem from the operat- 
ing gear, without adjusting the tappet collars. Open the 
exhaust, suction, and discharge valves, and then crack the 
throttle. Work the auxiliary valve by hand (it should work 
freely if the packing is not seizing the stem). 

5. If the pump still fails to start, secure it. Remove the 
steam valve chest cover and examine the main piston valve 
to see if it has overridden or stuck. 

6. If the pump cannot be started, completely overhaul 
the working parts of the steam end to stop steam leakage, 
the most probable cause of the trouble. 

Failure to Take Suction. If the pump fails to take suc- 
tion, the operation will be jerky. To correct this, proceed 
as follows : 

1. See that all stop and check valves in the suction line are 
open, and that the line is free of obstructions. 

2. If the feed pump is vapor-bound, take a suction from 
the reserve feed tank with the standby pump. Open the 
cylinder vents on the vapor-bound pump and allow it to 
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cool. If no standby feed is provided, open the cylinder 
vents, shift the suction to the reserve feed tank, and turn a 
water hose on the water end of the pump. If suction is not 
picked up, follow the low- water procedure. (See chapter 
8 of this training course.) 

3. If the pump has a suction lift (as a bilge pump), it 
may be necessary to prime the pump before it will take suc- 
tion. Salt-water pumps can usually be primed from the 
sea by opening the sea suction valve for a short interval. 

Loss or Discharge Pressure. When a pump loses dis- 
charge pressure, the trouble is usually due to a leaky plunger ; 
to a leaky, broken, or stuck valve in the water end ; or to air 
being admitted through open or leaky valves in the suction 
line. Stop the pump as soon as practicable, and trace and 
correct the trouble. If a pump has been operating properly 
and loses pressure on one stroke, look for a broken valve 
immediately. Great loss of efficiency results from leaky 
suction and discharge valves, and from leaky plungers. 

Pounding in the Water End. The remedy for this is to 
(1) slow down the pump, since pounding is usually due to 
water hammer or ram effect in the suction piping, (2) ex- 
amine the plunger, or the plunger rod where it is secured in 
the crosshead, for lost motion, and look for a loose nest 
of valves, (8) install heavier springs in the suction valves, 
and (4) if an air chamber is installed on the suction side, 
sec that it remains charged. 

Groaning in the Water End. This is usually due to the 
packing being too tight, but may be caused by a broken 
follower plate or by another part. Stop the pump and ex- 
amine it at once, as failure to do this may result in the 
scored cylinder. 

Knocking in the Steam Cylinder. This is indicative of 
loose piston rings, a loose piston on the rod, or some malad- 
justment of the valve mechanism. The pump should be 
stopped at once and the exact trouble rectified. 

Groaning in the Steam Cylinder. This is usually due to 
an excessive ring pressure against the cylinder walls, to 
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broken piston rings, or to the cylinders being out of align- 
ment. Rust may cause groaning when a pump is started 
after a long period of idleness. 

Repair and Overhaul of Reciprocating Pumps 

When repairs are undertaken, a repair guide list should 
be used to make sure that every part of the pump which re- 
quired attention or contributed in any way to poor perform- 
ance is put in proper condition. Such a guide list should be 
used even for partial or incomplete overhaul. When a partial 
overhaul only is undertaken, check not done for each item 
listed on which no work is done. This shows that the part 
has been inspected, or at least considered, and work found 
impracticable or unnecessary. Upon completion of work, 
preserve the repair guide list as a record of conditions found, 
data taken, and work accomplished. Repair guide lists in 
sufficient numbers should be available for use when the next 
overhaul is started. 

For repairing or making an interior examination of a 
pump, all drawings and available dimensional data relative 
thereto should be on hand. If dimensions such as the width 
of and the distance between steam ports, the length of rods 
and steam valves, and the diameter of the pistons are not in 
accordance with authorized specifications, poor operation will 
result and necessitate major repairs. 

Whenever pumps are opened for repairs, micrometer or 
caliper measurements should be taken of the cylinders and 
valve chests; these measurements are made on the fore and 
aft and athwartships diameters at the top, middle, and bot- 
tom. The results should be recorded on the Machinery His- 
tory Card, with an accompanying diagrammetric sketch 
showing measurements obtained and the date on which they 
were made. 

Scored Water Cylinder. When a water cylinder becomes 
scored, it is not always necessary to rebore or renew the 
liner. Slight leakage from wear can be corrected by stoning 
the cylinder liner and by adjusting the packing. If reboring 
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must be done, the tolerances in wear of the water cylinder 
should be checked; tolerances allowed in boring the cylinder 
are tabulated in chapter 40 of BuShips Manual. 

Scores in Steam Cylinder. Scoring in a steam cylinder, 
even though of a minor nature, necessitates reboring to pre- 
vent steam leakage past the piston. The presence of such 
leakage is indicated by a dullness and discoloration of the 
cylinder walls. Once leakage has started, steam will gradu- 
ally cut away cylinder walls until piston leakage becomes so 
excessive as to interfere with proper operation of the pump* 

Loose Pistons. Pistons at the water end of pumps are 
generally constructed of cast iron, and are of the body and 
follower type. The piston itself is not a tight fit, but de- 
pends upon several rings of fibrous packing to prevent leak- 
age. These rings of packing are placed between a shoulder 
at one end of the piston and a follower at the other end. A 
water piston is shown in figure 6-3. 

FOLLOWER 




Figure 6—3. — Water piston With divided piston rod. 



If a steam or water piston works loose on the rod, it is 
generally due to poor workmanship and assembly or to the 
rod being so fitted that the shoulder bears against the piston 
without giving a proper bearing surface for the tapered part 
of the rod. When set up handtight, the piston should fit 
within % 2 of an inch of the shoulder ; it should then be forced 
tightly against the shoulder by the securing nut. However, 
the piston cannot be brought firmly home unless all foreign 
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matter has been removed from the taper of the rod. Piston 
trouble will usually disappear when the piston is properly 
refitted to the rod. 

If a lock nut or split pin is not fitted, install one. Pump 
rods are sometimes screwed into the plunger and secured by 
a lock nut, with a flat plate secured on the top of the plunger 
to prevent the nut from backing off. However, this arrange- 
ment will still allow the nut and the plunger to turn together, 
permitting the plunger to back off and carry away. To cor- 
rect this condition, drill a hole half in the rod and half in the 
nut, and tap; then insert a headless stud, or setscrew, into 
the hole and drive it home. A copper washer under the nut 
will help secure the nut from turning and working loose on 
the rod. 

Piston Too Small. Pistons may be built up by flowing on 
metal by the oxyacetylene method or by electric welding. 
The piston is then machined to the proper fit. 

It sometimes happens that in reboring a water cylinder 
you introduce so much clearance that the piston and the 
follower require renewal. Until a new piston and follower 
can be obtained, one of the following procedures may be 
employed : 

1. Install upper and lower rings of metal packing and 
insert soft packing between the rings. 

2. The piston and the follower may be turned down and 
threaded, and a ring with the same thread screwed on tightly. 
The outside diameter of the ring is then machined to fit the 
cylinder. 

If the pistons are so much undersized that the above pro- 
cedures are not satisfactory, the pistons may be built up by 
flowing on metal, and then turned to the correct diameter. 

Breaking of Followers. The breaking of followers and 
bolts may result from misalignment, but is generally caused 
by a weak follower. A new and heavier follower, or one of 
better material, should be tried on a pump to see if it stops 
the trouble. The breaking of followers can be prevented by 
drilling the piston for through bolts for securing the follower. 

When the follower is too small in diameter, soft packing 
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will frequently roll up between the piston and the cylinder, 
causing the follower to jam and break. 

Renewing Packing. Tuck's flax or other soft packing 
should be soaked in water overnight before being used to pack 
the pump. Should circumstances make soaking impracti- 
cable, install the packing so that it fits loosely and makes 
allowance for swelling. Failure to do this will cause the 
pump to groan, or may result in a scored cylinder. 

Worn or Broken Piston Rings. Troubles in the steam 
cylinder result chiefly from faulty piston rings. Wearing 
of piston rings can cause a pump to lose power, and even, 
in some cases, to stop. 

To remove the piston rings, it is necessary to first remove 
the cylinder head and pull the piston from the cylinder. 
When the rings have been removed, take micrometer measure- 
ments of the cylinder or liner, to determine the exact diam- 
eter. In addition, measure the ring grooves in the piston to 
determine the thickness of the new rings. 

In replacing broken or worn rings, first fit them to the 
cylinder and check for proper gap clearance. If necessary, file 
the ends until proper clearance is obtained. The thickness 
of the rings should be checked, to make sure that they will 
fit into the grooves. The ring gaps must be staggered so 
that they do not fall in one line. 

With split rings, the steam may force the rings out against 
the cylinder, causing the pump to groan, and to cut the cylin- 
der and the rings. The remedy is to turn a groove approxi- 
mately y 32 -mch deep and %-inch wide about the middle of 
the ring and drill three or four %-inch holes. This will 
relieve the steam pressure through the ring. Diagonally 
cut split rings generally give better satisfaction than over- 
lapping rings; the latter usually break at the corner after 
being in service a_short time. However, this trouble can be 
reduced by rounding the corners of the shoulders. 

If no spare rings are available, new ones can be manufac- 
tured in the ship's machine shop. In this event, make certain 
that the cylinder micrometer reading appears on the job order 
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request. For renewing cylinder rings, the following proce- 
dure is recommended. 

The ring should be turned, before splitting, to 0.10 of 
an inch per inch of diameter larger than that of the steam 
cylinder in which it is to be fitted. This is done so that 
the ring will be under tension, and even after slight wear 
will remain in close contact with the cylinder wall, mini- 
mizing leakage. Then the ring should be cut and an amount 
taken out which is approximately twice the difference be- 
tween the diameter of the rough turned ring and the diameter 
of the bore of the cylinder. A liner, consisting of a piece of 
chart paper (use thinner paper for the smaller size pumps) 
is now placed in the gap made by splitting. The ring is 
secured on the face plate of a lathe and turned to the exact 
diameter. 

VaIiVE8 in Water End. All valves in the water end of the 
pump must be kept tight to ensure satisfactory and econom- 
ical pump operation. Valves may be faced in a lathe and then 
ground in on their seats by a simple device which consists of 
a length of rod slotted to fit a piece of metal which seats 
across the top of the valve. An ordinary bitstock can be 
used to do the grinding. 

It is sometimes desirable to take a cut off the valve seat 
without removing it. A simple cutter can be made with an 
extension for a bitstock similar to the grinding-in device. 
When flat valves are fitted, the seats may be trued up by 
using a small surface plate and spotting in the section on 
the surface plate. 

After the valves have been ground in, test the whole pump 
by closing the discharge valve, starting the pump, and check- 
ing the proper suction and discharge pressure. 

At each examination, try all metal valve disks with a 
straightedge to see if they are true. The life of rubber 
valves can be lengthened by trimming and turning valves 
and by inserting brass backings. 

Tension on the valve springs should be great enough to 
ensure a quick closing of the valve, but not so great that 
the valve cannot be lifted easily by hand. See that the 
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springs are well secured by split pins, and adjust the valves 
to give the proper fit. Lift should be such that the circum- 
ferential opening is slightly greater than the clear opening 
through the seat, but not greater than % of the diameter of 
the opening. 

Keep the valves clean; a light mineral oil makes a good 
cleanser and a lye or soda solution is satisfactory for remov- 
ing caked or gummed oil from the valves. 

In pumps having valve seats secured only by a taper fit, 
the seats should be forced home by a jack resting on the end 
of a reseater which, in turn, rests on the face of the valve 
seat. If the seat works loose, peen the edge of the metal 
slightly. In pumps that have the valve seats screwed into 
the pump diaphragm, always insert the valve seats with white 
lead ; otherwise it will be almost impossible to get them out. 

In some pumps, discharge valve seats in the water end are 
secured to the pump diaphragm by shoulders on the valve 
stems where they screw into the suction seats. These seats 
have small flanges under which gaskets are fitted. Rubber 
gaskets supplied by the manufacturer are soon squeezed out, 
causing the seats to leak and hammer. Hard sheet packing 
will give better performance than rubber, and if cold water 
is to be pumped, sheet lead will give the best performance. 
In cases where the flanges cause a great deal of trouble, it 
mil be necessary to fit new seats with a ground joint. 

Shearing off the stems of water-end valves is a frequent 
occurrence. To remedy this fault, cut the stem off the valve 
and turn a groove in the top of the valve for the spring to 
set in. The stem is pinned to the guard at a sufficient height 
to allow proper opening of the valve; it then acts merely 
as a guide for the spring and as a limiting device for the 
valve. It will be necessary to fit a new stem because the 
old one will not be large enough to make a close fit in the 
guard. 

Extreme care should be exercised in assembling pumps 
after overhaul. Mark valves, seats, stems, and springs before 
removal, to make it easier to replace them in the proper order. 
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MAIN CONDENSATE AND MAIN BOOSTER PUMPS 



The instructions contained in this chapter for operation, 
care, and repair of pumps are general for all makes and 
types. For specific instructions for each type of pump, refer 
to the pamphlets issued by the individual manufacturers. 

Operation of Feed Booster and Condensate Pumps 

Before a feed booster pump is started, the valves in the 
vent line, recirculating line, and suction line from the 
deaerating feed tank must all be open. The discharge valve 
of the pump should be closed. The shaft packing gland 
sealing and water connections, if fitted, are open. After the 
pump is started, the speed and pressure should be gradually 
increased to normal. Open the discharge valve of the pump 
and see that pressure is built up on the feed pump suction 
main. 

Before a condensate pump is started, there must be suf- 
ficient water in the condenser hot well so that the condensate 
pump will not run dry. If there is no water in the conden- 
ser, about 50 to 150 gallons should be supplied from the 
deaerating feed tank. The pump may then be started as 
follows : 

1. See that the vent line to the condenser shell is open. 

2. Open the packing sealing water connections. 

3. Open the recirculating line valve. 

4. Lower the water level in the condensers to normal 
by allowing the surplus to discharge to the deaerating feed 
tank. Make sure that there is sufficient recirculation to 
prevent the pump from running dry. 

Car* and Maintenance of Pumps 

The general maintenance factors discussed in this section 
apply to all centrifugal pumps. 

Carbon Packing Installations. The first rule for car- 
bon packing installations is to follow the manufacturer's in- 
structions. These instructions are the result of numerous 
tests and vast experience, and are far superior to any hints 
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that may be offered by sympathetic fellow "carbon sufferers." 
When carbon packing is defective, it should be removed or 
spotted in — or, if necessary, replaced. 

In the first place, carbon packings are designed to have 
shaft clearances, and under no circumstances should the clear- 
ances be reduced below the dimensions given by the manu- 
facturer. In actual practice, carbon packings have been 
found to operate perfectly with a running clearance 50 per- 
cent greater than the original. The coefficient of expansion 
of carbon is only 25 percent that of steel. Therefore, it is 
necessary to make proper allowance for shaft expansion so 
that, during operation, the carbon packings will not touch the 
shaft. 

Case of Lubrication Systems. Lack of proper lubrica- 
tion is the primary cause of all pump failures. Before a 
pump is started, all grease cups and bearing housings should 
, be checked to see that they are filled with lubricant and that 
no water, or foreign matter, is present. See that the water 
flingers between the pump shaft stuffing box gland and the 
bearing housing effectively prevent water from the pump 
glands from following along the shaft and entering the bear- 
ing housing. Occasionally you will find that sleeves fitted 
on pump shafts do not fit the shaft tightly and water can 
leak under the shaft sleeves. If such leakage exists, care 
should be taken to prevent water from entering the bearing 
housing. 

When starting a pump, check the oil pressure and the oil 
flow to and from all bearings, including the thrust bearings, 
being sure that the attached lubricating oil pump has primed 
itself. See that the cooling water is flowing through the oil 
cooler — or cooling coils in the oil reservoir — and that all air 
is vented from the water side of the oil cooler. It may be 
necessary to free the lubricating oil system of air in order to 
maintain a steady oil pressure. To do this, open the air 
cocks on the high points of the lubricating system ; but the 
cocks must be closed again as soon as oil appears. Check the 
oil reservoir to see that it is free of water. Check the bear- 
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ing housing to see that no water from the pump or turbine 
glands is entering the lubricating system. 

Oil in the lubricating system should be renewed if it is 
found to contain foreign matter or other impurities. 

Care of Couplings and Shaft Alignment. It should be 
borne in mind that a flexible coupling connecting the driving 
unit to a centrifugal pump is intended to take care of slight, 
but not serious, misalignment. If misalignment is excessive, 
however, the coupling parts are subjected to severe punish- 
ment, necessitating frequent renewal of pins, bushings, and 
bearings. 

A high-grade oil having the viscosity characteristic in- 
dicated by Navy symbol 5190 should be used as the coupling 
lubricant. The coupling should be completely filled with oil 
before the unit is started for the first time, and fresh oil 
should be added at regular intervals to ensure an ample 
supply at all times. The oil hole plugs should always be 
replaced and securely tightened after oil has been added. At 
least twice a year, the coupling should be opened, cleaned, 
and refilled with fresh oil. 

Shaft alignment should be checked frequently. If the 
shafts are out of line, realignment of the unit should be 
undertaken. Otherwise, shaft breakages may occur, and 
bearings, pump casing wearing rings, and throat bushings 
will have to be renewed. Whenever practicable, the align- 
ment should be checked with all piping in place, and all 
tanks and piping filled ; allowance should be made for change 
in position of parts from the cold-check condition to the 
hot-operating condition. Because of high steam, exhaust, 
and water temperatures aboard Navy ships, allowance for 
change in alignment resulting from variations in tempera- 
ture is assuming an ever-increasing importance. The neces- 
sity for allowing for expansion of parts cannot be over- 
stressed. 

Inspection of Bearings. Thrust bearings should be ex- 
amined quarterly and the position of the rotors checked. 
When the rotor position is checked, due allowance should be 
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made for expansion of the shaft from cold condition to hot 
running condition. 

Most vertical condensate and circulating pumps of re- 
cent design, and many main circulating pumps, are fitted 
with an internal water-lubricated bearing inside the pump 
casing. With this type of bearing, there must be an adequate 
supply of clean water for lubricating and cooling the bearing. 

The condition of all types of internal water-lubricated 
bearings should be checked regularly, to guard against ex- 
cessive wear, which would result in misalignment and pos- 
sible shaft breakages. 

Inspection and Renewal of Wearing Rings. The clear- 
ance between the impeller and the casing wearing rings 
should be maintained as shown on the manufacturer's plans. 
Where drop in pressure across the wearing rings does not 
exceed 150 psi (as on circulating, flushing, condensate and 
other low-pressure pumps) the loss in capacity, resulting 
from wear, is not as great as with high-pressure pumps (such 
as boiler feed pumps) . The same amount of wear in a small 
pump will cause a much larger percentage of reduction in 
capacity than in a large pump. When the capacity of the 
pump is reduced by 5 to 10 percent, the wearing rings should 
be renewed. A periodic examination should be made on all 
pumps to check the clearances and condition of wear of all 
parts. The engineer officer should decide whether the 
amount of wear on the clearance rings warrants renewal. It 
is considered that wearing rings will not require renewal 
unless the wear amounts to at least 0.015 inch. 

Dynamic Balancing of Rotating Parts 

All pump and driving unit rotating parts are balanced 
dynamically for all speeds from 0 to 125 percent of rated 
speed. The parts are usually balanced on balancing ma- 
chines, generally available only at naval shipyards. How- 
ever, a portable balancing outfit (Davey vibrometer) is avail- 
able on tenders for use of individual ships. 
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The pump and turbine rotors may be balanced in place 
with ■ portable unit. Whenever possible, the balancing 
machine or the portable balancing outfit should be used in 
preference to any other method of balancing. 

In all cases the elements of each pump rotor are balanced 
individually in order to keep all parts interchangeable. 
Under no circumstances should balance be corrected on a 
completely assembled unit. If a rotor becomes unbalanced, 
it will be absolutely necessary to dismantle the rotor com- 
pletely to determine and correct the individual part which is 
out of balance. 

Major Troubles and Repairs 

A list of the principal troubles that may occur with main 
condensate, main booster, and other centrifugal pumps, to- 
gether with their causes, is given below. In the majority 
of cases the trouble is external to the pump, and these 
causes should be carefully investigated before undertaking 
repairs: 

1. FAILURE TO DELIVER WATER! 

a. Pump not primed 

b. Insufficient speed 
C. Impeller plugged 

d. Wrong direction of rotation (this may occur 
after motor overhaul) 

2. SHORT IN CAPACITY \ 

a. Air leaks in suction of stuffing boxes 

b. Insufficient speed 

c. Insufficient suction head for hot water 

d. Suction strainers fouled 

e. Impeller partially clogged 

f. Mechanical defects; wearing rings worn; im- 
pellers damaged; and casing packing defective 

3. PRESSURE LOW : 

a. Insufficient speed 

b. Air leaks 

c. Incorrect discharge valves open in manifold 
(this may allow the pump to discharge into an 
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open line, causing the pump to operate at other 
than the design point) 
d. Mechanical defects, same as 2, f , above 

4. PUMP LOSES WATER AFTER STARTING 



a. 


Leaky suction line 


b. 


Water seal plugged 


c. 


Suction lift too high (often caused by fouling of 




the strainer after the pump is started) 


d. 


Air or gases in water 


PU1CP 


OVERLOADS DRIVER : 


a. 


Speed too high 


b. 


Liquid of different specific gravity and viscosity 




than normal 


c. 


Rubbing caused by foreign matter in the pump, 




11 a i| ■ « . m • mm 

and between the case rings and the impeller 


d. 


Mechanical defects: rotating element binds; 




shaft bent ; and worn bearings 


PUMP 


vibrates: 


a. 


Misalignment 


b. 


Poor foundation 


c. 


Impeller partially clogged, causing unbalance 


d. 


Mechanical defects, same as 5, d, above 



If the pump fails to build up pressure when the discharge 
valve is opened and the pump speed increased, take the fol- 
lowing steps : 

1. Secure the pump. 

2. See that the pump is primed and that all air is ex- 
pelled through the air cocks on the pump casing. 

3. See that all valves on the pump suction line are open. 

4. Start the pump again. If the discharge pressure is 
not normal when the pump is up to its proper speed, the suc- 
tion line may be clogged, the diffusion vanes clogged, or an 
impeller broken. It is also possible that air is being drawn 
into the suction line or into the casing. If any of these con- 
ditions prevail, stop the pump and notify the engineer 
officer. 

The parts most frequently requiring repair or replacement 
are: 
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1. Case rings and impeller rings. Since the purpose of 
these rings is to keep the internal bypassing of the liquid 
to a minimum, the clearance should be checked periodically 
and whenever the pump casing is opened up. 

2. Shaft sleeves. There is a common tendency of oper- 
ating personnel to take up too hard on the packing in an 
attempt to stop stuffing box leakage. This causes scoring of 
the shaft sleeves. Whenever the pump is opened, the sleeves 
should be examined and if not badly scored, they should be 
smoothed up; if they are badly scored, they should be re- 
placed. 

3. Bearings. Worn sleeve bearings cause the rotor to 
drop; this, in turn, results in wearing of the case and im- 
peller rings. 

Occasionally trouble is experienced from the impeller com- 
ing loose on the shafts because of a key corroding. Monel 
metal keys do not corrode and have given good results. 

When a pump is being repaired, worn parts should be re- 
moved and replaced. When a pump has been repaired, it 
should be operated and checked for satisfactory operation. 

Inspection of New Condensate and Booster Pumps 

It is noted by BuShips that damage to subject pumps has 
been experienced, in varying degrees, on new construction 
during shipboard tests and dock trials. 

Each pump is thoroughly tested and adjusted during the 
performance acceptance tests at the manufacturer's plant 
If the pumps are properly installed, no operational diffi- 
culties should be expected. When installing the pump units 
on their foundations, care should be taken to ensure against 
misalignment. After the pump is bolted down, the alignment 
of the pump with its driving unit should be corrected prior 
to the operation of the unit. All piping leading to and 
from the pump should be well supported without regard to 
the flange bolting at the pump, and should line up naturally. 
If the flanges do not exactly match, the piping should be 
corrected so that the faces are square and the bolt holes are 
in line. Care in the fitting and supporting of piping pre- 
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eludes a possible distortion of the pump unit due to initial 
piping stresses. 

If pumps are designed to handle hot water and are tested 
with cold water, or if they are designed to handle cold water 
under vacuum and are tested with handling water under 
atmospheric pressure, they will have high excess capacity. 
For this reason the pump should be tested with the suction 
valve wide open and the discharge valve open about % turn. 
After the pumps have reached full speed, the discharge 
valves should be adjusted to circulate a reasonable volume 
of water without imposing an abnormal load on the units. 
These pumps, if handling hot water, can be operated against 
shut-off pressure for a reasonable length of time, without 
encountering trouble resulting from vaporization or exces- 
sive overheating. Booster pumps handling cold water can 
be operated at comparatively low capacity, or against shut-off 
pressure, much longer than hot-water pumps. 

MAIN FEED PUMPS 

Before starting a main feed pump for the first time, care- 
fully read the instructions for the pump and the turbine. See 
that all slushing compound and dirt which may have ac- 
cumulated during storage is removed. Then proceed as 
follows: 

1. Check the oil reservoir for cleanliness. 

2. Fill the oil reservoir with lubricating oil (Navy Sym- 
bol 2190T) to operating level. 

3. Fill the bearings with the same lubricating oil by re- 
moving the filling plugs on the bearing cap. Make certain 
that the filling plugs are tightened after bearings have been 
ailed. 

4. Fill the coupling with lubricating oil (Navy Symbol 

3080), NEVER LIGHTER THAN SAE 40. 

5. Check the alignment between the pump and the turbine 
rotor. 

6. Turn the unit at least one complete revolution by means 
of a strap wrench, and make certain that the unit rotates 
freely. 
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7. See that the stuffing boxes are packed with plastic pack- 
ing, specification 33-P-25 Symbol 1433-type B, furnished 
by the contractor. 

8. Fill the pump with liquid by opening the suction valve. 
Allow air to escape through the vent valves, located at the 
top of the upper half pump casing. Close the vent valve 
after all the air has been eliminated. 

9. Open the recirculating line. 

10. Start the turbine (check starting instructions in the 
manufacturer's instruction book). When the unit is up to 
speed, open the discharge valve slowly. The pump is now 
ready for operation. 

Putting the Feed Pump on the Lin* 

If the feed system is of the closed type and a main feed 
pump is to be operated, see that the proper feed booster pump 
has previously been started and is maintaining a pressure of 
approximately 50 psi on the feed pump suction main. 

Water from the main feed booster pump enters the first- 
stage suction casing under pressure and is discharged through 
the first-stage impeller into a built-in connection which leads 
to the suction of the second-stage impeller. Passing through 
the second-stage impeller, water is discharged under high 
pressure, approximately 750 psi, into the main feed line. 
There are two sets of wearing rings in each stage, since the 
impellers are double entry. The designed clearance of these 
rings is approximately 0.008 inch. Since these rings have 
the same clearance as those in the condensate and feed 
booster pumps, and the speed of rotation of the main feed 
pump is five times as great, the possibility of seizure of the 
rings is also much greater. The main feed pump is subject 
to the same casualties as the main condensate and the main 
feed booster pump — even more subject to these casualties, 
because of its high speed of rotation. 

Water entering the suction of the first stage from the 
booster discharge line has its pressure reduced while passing 
through the entrance ports, and since this water is under a 
temperature of about 240° F, this reduction in pressure 



202 



might easily be the cause of the water flashing into steam. If 
this occurs, the first-stage impeller will become vaporbound 
and prevent the flow of water to the pump from removing the 
generated heat If the main feed pump becomes vapor- 
bound, it will require only about 15 seconds for the pump to 
overheat and seize, due to the high speed of rotation. The 
pressure leading to the pump suction from the main feed 
booster should be maintained at as high a value as practi- 
cable. Under no circumstances should a main feed pump 
ever be turned over unless there is a minimum pressure of 
40 psi to the suction of the pump. The normal discharge 
pressure of the pump is approximately 50 psi. Vapor en- 
tering the pump from any source is carried away through a 
vent provided for that purpose. This vent is necessary in 
the first stage only, since the pressure in the second stage 
will prevent the accumulation of any vapor. When the main 
feed pump is started, the first-stage vent must always be 
open to carry away any accumulation of air or vapor trapped 
in the pump casing. 

Operating Checks and Precautions 

When the main feed pump is operating, check the oil sup- 
ply to the bearings. The pressure gages at the bearings 
should read approximately 5 to 8 psi. The maximum tem- 
perature at the oil return lines should not exceed 160° F. 

Adjust the stuffing boxes, making certain that a small 
amount of water is constantly leaking out of the boxes. This 
water provides lubrication to the packing and tends to keep 
the stuffing boxes cool. Be sure that the gland is at all times 
parallel to the face of the stuffing boxes and is not cocked at 
an angle. If stuffing boxes leak too much and it becomes 
necessary to take up on the packing, tighten the gland bolts 
(one at a time) for not more than y 2 turn. 

When the pump is running, do not change from hot water 
to cold water or vice versa, unless an extreme emergency 
arises. Make periodic observations as to the vibrations of 
the rotating element. If vibration becomes excessive, stop 
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the pump and investigate. Vibration may be due to clog- 
ging of one or more impellers or volute passages by foreign 
materials, to misalignment with the driving unit, or to in- 
creased bearing clearances. 

Precautions should be taken to see that the pumps are 
not operated if any of the following conditions exist : 

Capacity is too low. 

Pressure is too low. 

No water gets to the pump. 

Speed is too low. 

Suction pressure is low. 

Foreign material has accumulated in the casing or in the 
impeller passages. 

Casualties to Main Feed Pumps 

Reports of casualties to main feed pumps indicate the 
need for reemphasis of the following operating and mainte- 
nance instructions : 

1. Inspect the lube oil sumps for the presence of water, 
prior to each starting of the pump. 

2. Check the position of the rotor prior to each starting 
and at least once each watch thereafter. 

3. Shift the pumps daily when underway. 

4. Where water leakage through the main feed pump 
shaft is excessive, ensure that the babbitt packing, threaded 
on the ends of the shaft protecting sleeves, is tight, prior to 
taking up on the shaft packings. Excessive tightening of 
the shaft packing results in scoring of the shaft protecting 
sleeves without appreciably reducing the amount of leakage. 

Stopping and Securing the Pump 

To stop and secure, proceed as follows : 

1. Close the pump discharge valve. 

2. Close the throttle valve. 

3. Close the exhaust valve. 

4. Close the vent valves. 

5. Close the recirculating and the gland leak-off line 
valves. 
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6. Close the valves to the gland water seals. 

7. Close the pump suction valve. 

8. Open the turbine drains. 

9. Close all delivery and return oil valves if the pump 
is lubricated by a detached pump. 

10. Close the steam and the exhaust root valves. 

11. Close the steam drain after the turbine is completely 
drained. 

Dismantling of Pump 

In order to dismantle a main feed pump properly, proceed 
as follows : 

1. Drain water from the casing. 

2. Remove the bearing caps, the bearing bushings, and 
the thrust shoes. (Remove the parts in the sequence recom- 
mended in the manufacturer's instruction book.) 

3. Disconnect the couplings, remove the bolts, and break 
the coupling joint. 

4. Remove the gland and the packing. 

5. Remove the nuts of the pump casing around the part- 
ing flange, at the top and bottom of the flange. 

6. Pull out the parting flange dowels. 

7. Break the parting flange joints by tightening the jack 
screws. 

8. Attach the lifting gear to the upper half casing, in 
eyebolts provided for this purpose. 

9. Lift the upper half casing straight up until it has 
cleared all the rotor parts. 

10. Remove the rotor from the casing. Attach cables 
around the shaft at both ends between the bearing flingers 
and the shaft sleeve nuts and lift the rotor vertically until 
it is clear of the casing. 

Dismantling of Pump Rotor 

In order to have access to all the rotor parts, place the 
rotor on a work bench or on two wooden horses. 

Starting first at the outboard end, and then at the inboard 
end, remove the rotor parts, in the sequence recommended in 
accordance with the manufacturer's instructions. 
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For removing impellers from the shaft, warm the impeller 
evenly all around, keeping the shaft as cool as possible. 

Assembling the Pump Rotor and Pump 

In assembling the pump rotor, clean all parts thoroughly 
and make certain that the parts (especially the faces of the 
impeller hubs' and sleeves) are free of burrs. Mount the 
parts on the shaft, in accordance with the manufacturer's 
instructions. 

In assembling the pump, clean the casing connections 
thoroughly and check the parting flange gasket. Make 
certain that the gasket is in perfect condition, especially 
around the casing parts holding the diaphragms and casing 
rings. If the gasket is cut or torn, replace it with a new 
one. 

Installation of New Parting Flange Gasket 

Clean the parting flange and make certain that all old 
gaskets are removed. Shellac a sheet of new gasket material 
to the lower parting flange, put both halves of the casing 
together, and allow the shellac to dry. Remove the upper 
half casing and cut the gasket accurately around the hy- 
draulic passages and especially around the casing parts. 

Installing the Rotor in the Casing 

Attach the lifting gear cables on both ends of the rotor 
between the flingers and the shaft sleeve nuts. 

Lower the rotor into the casing. See that all the sta- 
tionary rotor parts (diaphragms, casing rings, and stuffing 
box bushings) can easily enter their respective positions in 
the casing. If force must be applied in order to position the 
casing parts, remove the rotor once more and check both the 
casing and the rotor parts for dirt and burrs. 

Close the casing by lowering the upper half casing over 
the rotor. See that the casing aligns properly with the rotor 
parts. If it does not, remove the upper half casing again and 
examine it for dirt and burrs. 
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After both casings contact each other at the parting flange, 
insert the casing dowels and tighten the parting flange nuts. 
Tighten the nuts evenly by going over them several times, 
preferably with a box socket wrench. 

Alignment and Assembly 

When you are assembling the turbine with the pump, make 
certain that the turbine and pump are in correct alignment. 

Check the alignment with the halves of the coupling hous- 
ing, slid back sufficiently to be able to check on coupling hubs. 
The necessary tools are a straightedge and a set of feelers, or 
thickness gage. If preferred, a finished steel wedge of fine 
taper, instead of feelers, may be used for comparing distances 
between coupling faces at several points (at least 90° apart) 
around the coupling. 

If both coupling hubs are the same size, and true with the 
shaft, the unit will be in line (1) when the feelers show the 
coupling faces to be parallel, and (2) when a straightedge, 
laid across the rims of the coupling hubs at several points, 
shows contact the full width of both rims. 

If careful examination shows that the coupling halves do 
not run exactly true, one of the two units will have to be 
moved up or down, or shimmed, to bring it into line with the 
other. To check the faces of a coupling, measure the distance 
between the faces at the top of the coupling hubs. Rotate 
both coupling hubs 180° and check the distance between the 
faces at the bottom of the coupling hubs. If the two clear- 
ances are the same, the unit is in line. 

REPLACING A ROTOR IN A CENTRIFUGAL PUMP 

In replacing a centrifugal pump rotor, the MM1 or C in 
charge should plan the job so that the work will progress 
smoothly and without any mistakes or accidents. The repair 
job should be performed in accordance with best work- 
manship standards. The following procedures should be 
taken : 

1. Obtain the manufacturer's instruction book and blue- 
prints for the pump to be repaired. Review or study the 
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construction details and the procedures for disassembly and 
assembly. Note the manufacturer's data on clearances and 
tolerances on bearing, shafts, and similar dimensions. 
Review the Machinery History Card on the pump to be 
repaired (in certain cases alterations may have been made). 

2. Remove the spare pump rotor from its stowage place 
on board ship. The pump rotor should be in good condition 
and balanced. Clean and inspect the spare rotor. Take the 
necessary measurements. 

3. Assemble all the necessary tools and equipment (in- 
cluding special tools) . 

4. Remove steam and other piping, as required. 

5. Lift the rotor casing. 

6. Inspect the rotor. 

7. Lift out the old pump rotor. 

8. Make a thorough inspection of the interior of the pump 
upper and lower casing, journal bearings, thrust bearing, 
and other parts, including assemblies, of the pump. 

9. Replace, with repair parts carried on board, any defec- 
tive bearings or other malfunctioning parts. 

10. Clean and oil all parts as necessary. 

11. After the cleaning and inspection are completed, 
lower the rotor into place, in the lower casing (Horizontal 
Pump). 

12. With the rotor in place, check all measurements and 
clearances. These readings should compare with the speci- 
fied data on measurements given on blueprints or in the 
manufacturer's instruction book. 

13. Give particular attention to journal and thrust bear- 
ings. The pump rotor should be set in its design position. 

14. See that flanges, etc., are clean and in satisfactory 
condition. 

15. When the inspection and any adjustments have been 
completed, lower the upper casing into place. The pump 
flange gasket should be of proper material and thickness. 

16. With the upper casing in place, check for freedom 
of movement by manually turning the rotor. 



208 



17. Bolt the upper casing down and check the movement 
of the rotor. 

18. When the job has been completed, slowly turn the 
pump over by steam. 

19. If all conditions are satisfactory, the turbine and 
pumps should be brought up to operating pressure and given 
such tests as may be practicable. 

20. The pump should not be considered ready for unlim- 
ited operations until it has carried the required load, with the 
ship under way. When the pump is put on the line for the 
first time, it should be kept under close observation for a 
number of hours. 

21. Prepare a request for repair parts to replace those 
that have been expended. As practicable, a full allowance 
of repair parts must, at all times, be maintained on board. 

22. Prepare a request, or rough work request form, for 
the required repairs to the defective pump rotor. All per- 
tinent details, including balancing, should be written up be- 
fore the old pump rotor is stowed away. 

23. See that the Repair Request Card is properly filled 
out and placed in the CSMP. This ensures that the repair 
item will not be overlooked, and that the necessary work will 
be accomplished at the first available repair period. 

24. The pertinent details and information on the pump 
overhauled should be entered in the rough work book so that 
the proper entry can be made on the Machinery History Card 
for the pump. 

25. The paper work should be completed as soon as prac- 
ticable, while the machinery is available for detailed inspec- 
tion, and before any important work details have been 
forgotten. 

MAIN CIRCULATING PUMPS 

The capacity required by the circulating pump is governed 
by 3 factors : (1) the amount of steam to be condensed, which 
varies with the load; (2) the temperature of the circulating 
water; (3) the vacuum that is being maintained on the 
condenser. 
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The total head against which the main circulating pump 
operates is made up of two principal factors: (1) static 
head, which depends on the location of the condenser and 
draft of the ship; (2) friction loss through condenser tubes, 
heads, piping and fittings. The latter constitutes the greater 
portion of the head, and in many cases the head is all fric- 
tion loss. The friction loss varies approximately as the 
square of the rate of flow, which means that there will be 
considerable variation in the operating head. Due to the 
fact that both head and capacity may vary considerably, it 
is necessary to use variable speed drive, either motor or 
turbine. 

Starting Precautions 

Never operate the circulating pump unless the casing is 
filled with water. The internal pump bearing requires water 
for lubrication. The packing should be set up lightly and 
slight leakage should occur from the stuffing box to prevent 
unnecessary wear and consumption. 

Dismantling and Reassembling 

The pump casing is split on the horizontal centerline and 
the pump rotor can be inspected by removing the case cover. 
After the coupling is disconnected, the rotor can be lifted 
out. The bearing sleeve is split and can be removed or re- 
placed without removing the rotor. 

Before reassembling, clean all parts, scrape the flange 
faces clean, and install new gaskets where required. 

Alignment of Pump 

The pump must be lined up properly with its turbine, as 
the unit is fitted with a rigid flanged coupling which cannot 
compensate for any misalignment. The rotating element 
should turn freely after the unit is in position and all the 
piping connected. The piping should line up naturally with 
the pump flanges and should be supported independently 
of the pump. Forcing the pipe into line with the pump tends 
to throw the pump out of alignment. 
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MAIN LUBE OIL PUMPS 

On surface vessels, particularly those of recent construc- 
tion, main lubricating oil pumps are subjected to severe oper- 
ating conditions if air has entered the lubricating oil. The 
pump should be vented until all air is eliminated from the 
casing. 

Disassembling the Pump Rotors 

Neither the main lube oil pump nor the drive can be dis- 
mantled in place, therefore the removal of the drive is a 
necessary preliminary step to any disassembling operations. 

With the drive unit removed, the pump rotor and rotor 
housings can be completely dismantled without disturbing 
the mounting or the main oil connections. (See fig. 6-4.) 
Removing the drive unit is simply a matter of breaking the 
steam, water, drain, and oil seal connections, disconnecting 
the coupling, taking out the bolts which secure the spacing 
frame to the pump casing, and lifting the unit off intact. 

For detailed step-by-step instructions, refer to the manu- 
facturers' operation and maintenance instruction pamphlets. 
For some steps, the special tools furnished for the pump, or 
other suitable pulling tools, must be used. 

In the pump dismantling process, first remove the half 
coupling, the packing gland, and the upper casing head. 
The next step is to withdraw the rotors. Keep in mind that 
the idlers must be supported as the rotors are withdrawn 
from the housings, since the pump construction is such that 
the housings alone hold the rotors in mesh. 

With the rotors out, the rotor housings are accessible. 
These parts fit snugly in the bore of the casing, where they 
are separated by a spacing ring. They are positioned axially 
by jam screws, which bear on the casing heads, and circum- 
ferentially by guide pins which are fitted individually to 
ensure alignment of the housing bores. The guide pins are 
secured by pipe plugs. Before the rotor housings can be 
removed, it is necessary to take out the housing guide pins, 
the outer ends of which are drilled and tapped for the ap- 
plication of a pulling tool. The guide pins are fitted parts, 
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POSITIONING SHOES 



Figure 6—4. — Pump rotors and rotor housings. 

therefore each pin should be marked as it is withdrawn, so 
that it can be replaced properly. 

Assembling Operations 

Before the assembling operations are started, all parts of 
the pump should be carefully inspected and cleaned. Also, 
it should be definitely ascertained that the settings of the 
lower housing jam screws are correct. (Check the manu- 
facturer's pamphlet or blueprint.) 



212 



Lower the bottom housing, the spacer, and the upper hous- 
ing into place separately, seating each part firmly and mak- 
ing sure that the guide pin slot in each housing registers with 
the pin hole in the casing. (The special tool used for with- 
drawing the housings can also be used to advantage in 
assembling operations.) Install the housing guide pins and 
their securing plugs. If new housings are installed, the 
bores must be carefully aligned and new guide pins fitted to 
maintain the alignment. Set up the jam screws in the upper 
housing. 

Insert the rotors and see that they turn freely in place. 
Binding of the rotors is an almost certain indication that the 
housing bores are not in line or, in other words, that either 
the guide pins or the housings themselves, or both, have not 
been properly installed. Install the casing head, and see 
that the thrust plate and the seal bushing are in place and 
that the latter is secured by the stop pin provided for that 
purpose. Manila paper gaskets 0.010 inch thick should be 
used for the joints between the casing heads and the casing 
proper. Install the packing and the half coupling. 

Rotor Settings 

When a pump is assembled at the factory, the nitrided steel 
locating caps on the idlers are set up to establish the proper 
running position of the idlers with reference to the power 
rotor, and are then secured by riveting. So long as a set 
of rotors remains intact, readjustment of the locating cap 
settings rarely will be found necessary because even over 
long periods of service, wear of the hardened contact surfaces 
is negligible. 

However, whenever new rotors are installed the proper 
locating cap settings must be established. The proper cap 
settings are such that the lower end surfaces of all these 
rotors lie in a common plane when the rotors are properly 
meshed and the idlers are located centrally with respect to 
end play in the power rotor. The cap settings must be estab- 
lished before the rotors are installed. In order to ensure 
proper meshing, the rotors should be inserted in one of the 



housings for the adjustments. A tapped hole is provided in 
the base of each cap, so that the pulling tool, or some other 
suitably threaded implement, can be used to jack the cap into 
position. After the settings have been established, the caps 
should be riveted in place. This entails drilling of the shaft 
ends for the rivets. Rivet holes are provided in the caps 
of all idlers supplied separately by the factory, and a rivet 
is furnished with each idler. 

SHAFT-DRIVEN LUBE OIL SERVICE PUMPS 

These pumps are hooked up to the propeller shafts through 
sprocket and chain transmissions so that they are operated 
continuously while the main shaft is turning over. These 
pumps are designed with vertical shaft or horizontal shaft 
units. 

General Design and Operating Characteristics 

The units are of the same size and basic design as the steam- 
driven pumps, but differ in the mountings and the drive de- 
tails affected by the mountings. 

The driven sprocket of the transmission for the vertical 
pump is mounted on a jack shaft which is geared to the power 
rotor, whereas the corresponding drive member for the 
horizontal unit is mounted directly on the power rotor shaft. 
The casings and all corresponding internal parts are inter- 
changeable. 

Each shaft-driven lubricating oil service pump has three 
double-acting hydraulically balanced rotors which work 
together in two close-fitting housings, secured in the casing. 
The power rotors are mounted in ball bearings and there are 
no stuffing boxes, but otherwise the construction is the same 
as in steam pumps. 

The chain drives are enclosed by welded steel casings which 
are mounted on supporting frames bolted to the pump flanges. 
Each casing is made in sections, so that the drive can be dis- 
mantled readily, and openings with hinged cover plates are 
provided in the top and sides of one of the cover sections so 
that the mechanism can be inspected without the necessity for 
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opening the casing. A lucite window in the top permits 
observation of the drive in operation. 

Oil is supplied by the pump itself, through a y 2 inch con- 
nection, for the lubrication of the driving mechanism, the 
pump bearings, and the sealing of the pump casing against 
the intake of air where the driving end of the power rotor 
emerges. The V£ inch connection runs from a filter, con- 
nected to the discharge compartment of the casing, to the 
various points where direct oil flow is required. A sight 
feed valve is provided in the oil feed line for the chain drive 
so that the flow of oil to the drive can be regulated according 
to the requirements for keeping the drive casing properly 
drained. The oil system functions automatically, and apart 
from adjustments of the sight feed valve and the regular 
cleaning of the filter, it requires no attention when the pump 
is in service. 

Disassembling the Pump Rotors 

Before a pump is disassembled, the drive must be com- 
pletely dismantled as follows: 

1. Disconnect the oil lines running to and from the chain 
casing. 

2. Remove the cover sections of the chain casing. 

3. Break and remove the chain. A special drift for use in 
this connection is attached to one of the cover sections of the 
casing, together with a plate on which are inscribed detailed 
instructions for the application of the tool. 

4. Detach the lower section of the chain casing from its 
supporting frame. 

5. In the case of the vertical unit, remove the frame 
which supports the chain casing and houses the drive gears. 
The drive shaft mounting need not be disturbed for this 
operation. 

With the driving mechanism out of the way, the horizontal 
pump can be dismantled in place, provided there is a clear- 
ance of not less than 44 inches between either end of the 
casing and the nearest object, for the withdrawal of the 
rotors. The vertical unit, however, must be detached from 
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its base and transferred to a support where both ends of the 
casing are accessible and the rotors can be withdrawn. 

Space permitting, the rotors can be withdrawn from either 
end of the casing but it will be found that withdrawal from 
the outer end (the end away from the drive) is the simpler 
process, because it does not necessitate the removal of the 
inner casing head. Removal of the outer casing head, how- 
ever, is a necessary preliminary step of the disassembling 
operations. 

Removal of the rotors from the outer end of the casing is 
simply a matter of taking off the sprocket, or drive gear, as 
the case may be, with its key ; locating the liner ; tapping the 
inner end of the power rotor (if necessary) to free the rotor; 
and withdrawing the rotor assembly. 

With both casing heads off, the rotor housing can also 
be withdrawn from either end of the casing. The housings 
should be removed by using the pulling tools which are 
generally furnished with the steam pumps. The housings 
and guide pins, like the corresponding parts of the steam 
pumps, are fitted individually and should be marked as they 
are withdrawn, so that they can be replaced properly. 

The procedure to be followed in the disassembling of the 
inner casing head unit and the removal and stripping of the 
jack shaft in the gear box of the vertical unit will be ap- 
parent from a study of the assembly cuts and the parts them- 
selves. 

Assembly Operations 

As far as the shaft-driven pump is concerned, the assem- 
bling operations are essentially the same as those described 
in this chapter, in the section "Main Lube Oil Pumps." The 
jam screws in the rotor housing at the end of the casing 
which is to be closed first should be adjusted to extend 3^ 
inches from the face of the housing. It is not advisable to 
install the inner casing head until the rotors are in place. 

To assemble the driving mechanism, the dismantling op- 
erations are reyersed. Before the chain casing is closed, it 
should be ascertained that the location of the driven sprocket 
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with reference to the main drive is in accordance with the 
blueprints or manufacturer's plans, and that the two sprock- 
ets are in line. The position of the driven sprocket is deter- 
mined by the thickness of the adjacent locating liner. An 
error in the sprocket setting indicates that the liner must be 
refitted or replaced with a liner of the required thickness. 
If the driving and driven sprockets are not in line, the error 
should be rectified by shifting, as required, the driving 
sprocket on the propeller shaft. 

The bevel gears in the vertical pump drive should be 
meshed according to the marks on the teeth and checked for 
tooth contact after they are assembled. Satisfactory per- 
formance requires full tooth contact on the driving side of 
the teeth. The degree of contact can be determined by coat- 
ing the pinion with prussian blue, jacking the rotors in the 
normal direction of rotation, and then examining the tooth 
surfaces. Insufficient tooth contact indicates the need for 
adjusting the positions of the gears on their respective shafts. 
This entails the refitting or replacement of the adjacent 
locating liners. 

Setting Up New Rotors 

When new rotors are installed, the idler locating caps 
should be set up so that their outer end surfaces lie in a 
common plane separated from the plane of the casing joint 
surface by 0.482 to 0.485 inch. These adjustments must be 
made with all parts of the pump in place, except the outer 
casing head unit and the outer ball bearing. 

PUMP REGULATING DEVICES 

Turbine-driven centrifugal pumps are fitted with speed- 
limiting governors, set to give a rated speed, at rated load 
conditions. The governor is set to limit the speed to a maxi- 
mum value. With the governor set in this manner, the tur- 
bine speed should not exceed the rated speed by more than 
5 percent for any condition of load, including shut-off of the 
pump. If the governor will not function within the pre- 
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scribed limit, it should be overhauled and the cause of faulty 
operation located and remedied. Speed-limiting governors 
should be tested at least once every three months and after 
each overhaul. 

In addition, most main feed pumps are fitted with constant- 
pressure governors as well as with speed-limiting governors. 
A constant- pressure governor is illustrated in figure 6-5. 

Leslie Constant- Pressure Pump Governor 

The function of this governor, shown in figure 6-5, is to 
control steam pressure admitted to the pump propulsion unit, 
so that the fluid discharge is maintained at a constant preset 
level. This governor is used on main feed, lube oil service, 
or fuel oil service pumps. The principles of operation are 
the same for all three ; the primary difference is in the size of 
the upper diaphragm, which decreases as discharge pressure 
increases. 

The adjusting spring pressure of the valve is exerted on 
the upper diaphragm through a crosshead and mushroom. 
With no pump discharge pressure, the spring forces the 
upper diaphragm down, and the upper crosshead also moves 
down. A pair of connecting rods connect the upper cross- 
head with a lower crosshead, therefore the lower crosshead 
will be moved down with the upper one. When this action 
occurs, the lower diaphragm will be displaced downward by 
the lower mushroom, and when it comes in contact with the 
auxiliary valve stem, it forces the disk open, admitting steam 
to the operating cylinder. This forces the piston down, 
opening the main valve and admitting steam to the pump 
propulsion mechanism. 

As the pump discharge pressure builds up, pressure is 
exerted against the upper diaphragm through the control 
connection. When the force below the diaphragm is greater 
than the spring force, the diaphragm is deflected upward, 
forcing the upper and lower crossheads up and allowing the 
auxiliary valve to close. A small port in the operating piston 
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allows the steam to bleed off, thereby reducing the pressure 
on the piston and enabling the main valve spring to close 
the valve. The decreased steam pressure slows the pump 
and decreases the discharge pressure. 

Rapid repetition of the above actions would result in a 
constant average discharge pressure from the pump, but the 
pump would hunt and the pressure oscillate. The inertia 
of the moving parts slightly reduces the hunting effect. The 
intermediate diaphragm offers resistance to the upward 
movement of the crossheads, slowing down the reaction of 
the valve and resulting in reduction in discharge pressure. 
Steam admitted to the chambers above the intermediate dia- 
phragm, and below the lower diaphragm, provides a further 
retarding action to reduce the amplitude of the crosshead 
movements. 

With the unit under constant load conditions, the operat- 
ing piston will take up a position which will hold the main 
valve open by the amount required. With a change in load 
conditions, there will be momentary hunting, until the gov- 
ernor finds the new position required to maintain the pressure 
at the new load. 

Aside from the discharge pressure adjustment made with 
the adjusting screw, there is only one other adjustment made 
on this governor. The needle valve, which controls the steam 
pressure admitted above the intermediate diaphragm, should 
be adjusted to minimize hunting. This adjustment should 
be made with the pump operating under light load at normal 
discharge pressure. The needle valve is normally adjusted 
by turning it approximately 14 of a turn open. It must 

NEVER BE SHUT TIGHT. 

The lower stem of the main valve carries a yoke which 
surrounds a flange extending from the bottom of the valve 
disk. With the stem screwed in, the disk is free to operate 
under control of the operating piston and the unit is, there- 
fore, on automatic. When the stem is screwed out, the yoke 
catches the flange and pulls the disk open, allowing a full 
flow of steam to pass to the pump driving unit. In this 
position, the pump must be controlled by hand, with the 
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throttle valve. The unit should be left in the automatic 
position, except during emergencies when it is necessary to 
use the hand throttle. 

Atlas Constant-Pressure Pump Governor 

This type of governor has recently passed type approval 
tests and will be installed on naval ships in the near future. 
The Atlas governor operates on the same principles as the 
Leslie governor. The major difference between the two types 
is in the needle valve arrangement. 

Foster Constant-Pressure Pump Governor 

The function of this valve is to automatically control the 
amount of steam admitted to the driving end of a steam- 
driven pump, in order to maintain the fluid discharge pres- 
sure at a predetermined constant level. This type of gov- 
ernor will be found on some ships, although general 
specifications for machinery now prohibit the use of a 
bellows, which has proved troublesome. 

Maintenance and Repair of Governors 

The instructions for operation, care, and repair of pres- 
sure governors contained in this chapter are general for all 
makes and types of governors. For specific instructions, 
manufacturers' pamphlets for the various types of governors 
may be consulted. 

Cleaning and Repairing. Sluggishness is caused by dirt 
or foreign matter, carried with the steam into the governor, 
and interfering with the free movement of the working 
parts. To correct sluggishness, particularly with the Leslie 
governor, the governor must be taken apart and cleaned as 
follows : 

Unscrew the connector union, remove the bottom nuts 
from the stud bolts holding the superstructure to the top 
cap, and lift off the superstructure above the lower dia- 
phragm, without further disassembling. The superstruc- 
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ture does not contain any moving parts except the dia- 
phragms and normally does not need to be taken apart except 
when a replacement is made. When it is necessary to dis- 
assemble the superstructure, care must be taken that the dia- 
phragm stem, diaphragm stem cap, and diaphragm disk are 
put back in proper position. Make sure that the connecting 
rods are free in their guides and do not bind because of 
paint or carbonized oil. 

Unscrew the controlling valve seat, with the special wrench 
provided for this purpose ; remove the controlling valve and 
the controlling valve spring. 

Remove the top cap and lift out the piston and the cylinder. 

Remove the bottom cap and take out the main valve and the 
main valve spring. 

Clean the parts. See that the main valve and the control- 
ling valve seat properly and that the piston rings are per- 
fectly free in the piston grooves. Clean the seat for the 
cylinder liner so that the cylinder liner does not project above 
the face of the top flange of the main body. Clean the bore of 
the main valve guide. Regrind the main valve with the 
piston in the cylinder. The stem of the controlling valve 
must never project above the seat of the diaphragm. The 
correct clearance is 0.001 to 0.002 inch below the diaphragm 

When tightening up the stud bolts for the superstructure, 
pull down evenly without using excessive strain. 

When renewing diaphragms and gaskets on Leslie gov- 
ernors, be sure to use standard parts made by the Leslie 
Company. The correct thickness of diaphragm must be 
maintained. Do not put gaskets under diaphragms. 

Do not use substances such as graphite, lead, or cement 
on gaskets. 

Diaphragms and Bellows. In Foster pilot-valve-oper- 
ated governors, particular care should be taken to maintain 
the soldering of the bellows ends to the sealing rings, and the 
ground points of the bellows seals, in perfect condition. Any 
leakage at these points will cause leakage of the motivating 
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liquid (salt water, lubricating oil, or fuel oil) into the steam 
spaces of the governor, and thence into the driving unit and 
to the auxiliary exhaust, resulting in contamination of the 
feed water. 

Steam Pilot Valves and Seats. In the Leslie governor, 
the pilot valve is continuously throttling, or wire drawing, 
the steam passing through it, and hence the valve and valve 
seat are subjected to considerable erosion. Therefore, these 
parts should frequently be inspected. New parts, when 
needed, should be of cast or forged steel, faced on the seating 
surface with cobalt chromium composition, or corrosion- re- 
sisting steel, grade 3H, having a minimum hardness of 300 
Brinnel, not faced. Pilot valves should be of forged steel, 
or corrosion-resisting steel, grade 7, faced on the seating sur- 
face with cobalt chromium composition. 

Piston and Cylinder Liners. On the Leslie governor, 
faulty governor action is frequently due to an accumulation 
of foreign matter in the cylinder liner causing sticking or 
excessive wear. The result is often a wearing of grooves in 
the liner, because of the movement of the piston through a 
short travel, as when the pump is operated at reduced capac- 
ity. When the governor attempts to open the main valve 
wide for full pump capacity, the travel of the valve is limited 
to the distance between these grooves, because the piston 
rings cannot get past them. Thus the governor fails to open 
wide. 

Where replacement of parts is necessary, the liner should 
be made of chrome nickel semisteel, of a hardness of not less 
than 220 Brinell, or of corrosion-resisting steel, grade 5, 
hardened to 400 Brinell; the piston should be of high-test 
gray iron of a hardness not exceeding 180 Brinell; and the 
piston rings should be of the same material and hardness as 
the piston. 

Main Valves and Seals. Governors are primarily throt- 
tling devices, and the continuous wire drawing of steam sub- 
jects the main steam valves to erosion. Where erosion is 
excessive, the valves and seats should be replaced with mate- 
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rials as prescribed in the manufacturer's instruction book, or 
in chapter 47 of BuShips Manual. 

Pilot Valve Springs. Pilot valve springs should be ex- 
amined occasionally to see that they are in good condition. 
In some of the earlier governor designs, the space around 
the spring was not properly drained of condensate and fre- 
quent breakage of the spring resulted. 

Safety Precautions 

1. Do not tie down or otherwise render inoperative the 
overspeed trip, the speed-limiting device, or the speed-regu- 
lating governor. 

2. See that the overspeed trips, where fitted, are set to 
shut off steam to the unit when the rated speed is exceeded 
by 10 percent. 

3. See that the speed-regulating governors are set to limit 
the speed of the unit to rated speed, under rated conditions. 
In addition, see that the rated speed, for any condition of 
loading, is not exceeded by more than 5 percent. 

4. Check, at least once each quarter, the settings of the 
overspeed trip and the speed-limiting device. 

SUMMARY 

Since pumps are the most numerous units of auxiliary ma- 
chinery aboard ship, periodic inspections and maintenance 
of pumps is a very important task. It will be your responsi- 
bility as an MMl or C, to see that all pumps in the engine- 
room and in other assigned spaces are properly adjusted, 
aligned, and maintained. When repairing or examining the 
interior of a pump, make certain that all drawings and im- 
portant dimensional data are available. 

Specific instructions for each type of pump may be found 
in pamphlets issued by pump manufacturers. Manufactur- 
er's instructions should be followed at all times, and particu- 
larly for carbon packing installations. Clearances between 
impeller and casing wearing rings should be maintained as 
shown on the manufacturer's plans. 
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Adequate clean water for lubricating and cooling should 
be supplied to internal water-lubricated bearings, where 
fitted. In addition, the condition of these bearings should 
be checked to guard against excessive wear which would 
cause misalignment and possible shaft breakages. 

A centrifugal pump rotor that is unbalanced has to be 
completely dismantled before it is possible to locate and cor- 
rect the individual part that is out of balance. When cen- 
trifugal pumps are repaired, worn parts must be carefully 
restored to their original sizes. After an individual pump 
has been repaired, it should be operated and checked to see if 
it works satisfactorily. 

When main lube oil pumps are to be disassembled, the drive 
unit must first be removed. With the drive removed, the 
pump rotor and rotor housings can be completely dismantled 
without disturbing the main oil connections. Before assem- 
bling these pumps, all parts should be carefully inspected or 
cleaned. In addition, the settings of the lower housing jam 
screws must check with those in the manufacturer's pamphlet 
or blueprint. 

The shaft-driven lube oil service pumps hooked to the 
propeller shaft through sprocket and chain transmissions are 
the same size as the steam-driven pumps. Except for the 
mountings and drive details affected by the mountings, they 
are alike in design and construction. 

Every turbine-driven centrifugal pump is fitted with a 
speed-regulating governor. Some main feed pumps are 
fitted with hydraulic pressure governors, or with geared cen- 
trifugal flyball type governors. These governors are usually 
fitted with overspeed trips. Such trips should be set to trip 
out the unit when the rated speed is exceeded by 10 percent. 

Main and booster feed pumps, as well as fire pumps, are 
often fitted with constant-pressure governors. Since most 
ships are equipped with Leslie governors, it is important that 
you understand the purpose and principles of operation of 
this unit. 
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QUIZ 



1. What will ensure even wear throughout a pump cylinder? 

2. What is generally indicated by a heavy metallic knock in the 
steam cylinder of a pump? 

3. How is the length of the stroke adjusted? 

4. In general, how is the alignment of reciprocating pumps tested? 

5. If a reciprocating pump is frosen, how can you determine if 
there is excessive friction? 

6. What may cause groaning in the steam cylinder of a reciprocating 
pump which has been started after being idle for a long period? 

7. Before fitting and installing soft packing in a pump, what step 
should be taken, if practicable? 

8. Troubles in the steam cylinder of a pump result chiefly from what 

source? 

0. What is tbe primary cause of pump failures? 

10. How often should flexible couplings be opened, cleaned, and 
refilled with fresh oil? 

11. How often should thrust bearings and the position of pump rotors 
be checked? 

12. The wearing rings of a pump must be renewed when pump capacity 
has been reduced by a maximum of what percent? 

13. What steps must be taken if a pump rotor is unbalanced? 

14. If the suction strainers of a pump are fouled and the impeller is 
partially clogged, what will be the probable effect? 

15. If the speed of a pump is high and the pump is binding, what is 
the probable trouble? 

16. What pump parts require repairs or replacement most fre- 
quently? 

17. If a main feed pump vibrates excessively, what should be done? 

18. Precautions should be taken that main feed pumps are never 
operated under what 6 conditions? 

10. Why is it important to review the Machinery History Card of a 
centrifugal pump which is to be repaired? 

20. The capacity required by the circulating pump is governed by 
what 3 factors? 

21. What is the preliminary step which must be taken before a main 
lube oil pump can be disassembled? 

22. What must be done before the rotor housings of main lube oil 
pumps are removed? 

23. What should be checked to determine if the settings of the lower 
housing jam screws of main lube oil pumps are accurate? 
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24. When new rotors are Installed on main lobe oil pumps, what 
settings must be established? 

25. Units of shaft-driven lube oil service pomps and main lube oil 
pumps differ in what respect? 

20. What maximum excess percentage over the rated speed is per- 
mitted for turbines of centrifugal pumps equipped with governors? 

27. What is the function of the Leslie constant-pressure pump 
governor? 

28. Hunting in the Leslie governor can be minimised by what means? 
20. Why are the valve and the valve seat of a Leslie governor 

subject to considerable erosion? 
30. How often should the settings of the overspeed trip and the speed- 
limiting device be checked? 
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CHAPTER 



PROPULSION PLANT OPERATION AND 
SUPERVISION 

The military value of a naval ship depends a great deal 
upon the cruising radius, which in turn depends upon the 
efficiency with which a given propulsion plant is operated. 
Economical operation involves making fuel, lubricating oil, 
feed water, potable water, and consumable supplies last as 
long as possible. A ship is not ready for war unless the engi- 
neering department can and does operate reliably and eco- 
nomically. It is, therefore, important that engineering per- 
sonnel not only maintain their plant in a reliable operating 
condition, but also operate the entire engineering plant at 
maximum efficiency. Reduced appropriations during peace- 
time require every economy that will further the reduction 
of operating and maintenance costs. It should be remem- 
bered that the primary purposes of peacetime operation of 
naval ships are to indoctrinate, train, and prepare ship's 
crews for wartime conditions and operations. 

The operation of engineering plants becomes unreliable 
when machinery derangements are of frequent occurrence. 
Certain types of derangements are caused by changing the 
set-up of the plant at high speeds, prolonged operations at 
high speeds, or radical maneuvering of the ship. But for 
the most part, malfunctioning of the machinery and im- 
proper operation of piping systems reflect inexperience or 
improper training of personnel, and can be traced to one or 
more of the following causes : lack of, or improper, inspec- 
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tions; inattentive watch standing; insufficient training; poor 
supervision; or nonestablishment of responsibility. 

Accurate knowledge and continuous painstaking effort are 
required to keep engineering plants functioning at peak effi- 
ciency. To accomplish the latter, it is necessary to be famil- 
iar with chapter 41 of BuShips Manual; with applicable 
sections of BuShips Journal; with the various manufac- 
turers' instruction books; and with official publications or 
directives on operational procedures and material upkeep. 

When under way, the MMl or C will normally stand 
watch as the senior petty officer in charge of an engineroom. 
The MM2, from his previous study and experience, should 
be capable of operating any individual unit of machinery, 
equipment, or piping system. As the senior watch stander, 
the MMl or C must be capable of supervising all the opera- 
tions of propulsion and auxiliary machinery, including the 
associated piping systems that are applicable to his watch 
station. In addition, the senior watch stander must also be 
alert to the over-all operation of the entire propulsion plant, 
which includes the other engineroom (s) and the firerooms. 

The associated engineroom and fireroom are generally 
operated together as one propulsion unit. On some auxiliary 
ships this one unit may constitute the entire propulsion plant, 
whereas, on combatant ships, this unit may be one of two or 
four separate propulsion plants. To obtain maximum reli- 
ability and economy, the associated engineroom and fireroom 
must be operated together as one basic unit or engineering 
plant The physical characteristics of compartments and 
bulkheads, or the location of machinery and equipment, have 
nothing to do with the operating principles of a propulsion 
plant. To overcome the difficulties of operating two sepa- 
rate spaces as one basic plant is one reason for BuShips 
changing the arrangement on large ships being designed and 
built. The new arrangement will have the basic propulsion 
plant, consisting of the major units of machinery and equip- 
ment of the associated engineroom and fireroom, in one 
engineering compartment. 

In operating the associated engineroom and fireroom as 
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one complete propulsion plant, maximum reliability and 
efficiency cannot be obtained unless there is cooperation, 
understanding, and teamwork between engineroom and fire- 
room personnel. A great deal depends upon the knowledge 
and supervisory ability of the senior watch stander in each 
engineering space. The MMl or C in charge of the engine- 
room should have a practical knowledge of fireroom opera- 
tion, of safety precautions, and of the casualties that may 
occur during operation of the engineering plant. 

On destroyers, on many auxiliary ships, and on small ships, 
the MMC in charge of the control engineroom will also be in 
charge of the entire engineering plant. On a ship where 
there is no engineering officer on watch, the MMC in charge 
of the control engineroom will assume the duties of the 
engineering officer of the watch. In this case, the MMC 
should have a good understanding of the routine procedures 
and regulations concerning the operation of the ship's pro- 
pulsion plant. 

The MMC in charge should see that the officer of the deck 
(OOD) and the engineer officer are immediately informed of 
all pertinent facts concerning the operation of the main 
engines. He should have a good understanding of the effect 
of all types of engineering casualties on the operation of the 
propulsion plant. He should also be capable of carrying 
out appropriate engineering casualty control procedures for 
the over-all operation of the propulsion plant. In other 
words,~such action as placing standby machinery in opera- 
tion, cross-connecting piping systems, or reducing ship's 
speed, should be taken when a casualty occurs to an indi- 
vidual unit of machinery or equipment. The individual 
casualty will be handled by the assigned operating personnel, 
whereas the MMC in charge of the engineering plant will 
take such steps as may be necessary to minimize the effect of 
the casualty on the over-all operation of the plant. 

EVALUATION OF ENGINEERING PERFORMANCE 

During peacetime conditions, the objective of engineering 
training in the fleet is to create and maintain readiness to 
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deliver the designed performance of the engineering plant at 
all times. Such readiness includes the ability to operate 
free of breakdowns, to control engineering damage, to make 
prompt and effective emergency repairs, and to operate the 
engineering plant safely and economically. Administrative 
instructions are provided each ship for the purpose of fur- 
nishing a general and uniform guide by which type com- 
manders, or their subordinates, may estimate or evaluate 
the engineering performance and readiness of the ships 
assigned to their command. 

Engineering Reliability 

A ship must be capable of performing any duty assigned. 
Reliability is indicated by a ship's maintaining its scheduled 
operations and being in a position to accept unscheduled 
tasks. In order to do this, her machinery must be kept in 
good condition so that the various units will operate as 
designed, and the ship must operate in accordance with good 
practice and procedures. Some of the steps to promote 
reliability are : 

1. A good preventive maintenance program should be car- 
ried out at all times. This involves timely inspections, 
tests, and repairs. 

2. Machinery, equipment, and piping systems must be 
operated in accordance with good engineering practice. 
Operating instructions and safety precautions should be 
posted for each major unit for other units as considered 
necessary. 

3. Supervisory personnel must have a thorough knowl- 
edge of the ship's machinery. Information on construction, 
operation, maintenance, and repair of machinery can be 
obtained from the manufacturer's instruction books and 
plans. 

4. A good engineering department administrative organi- 
zation will ensure proper assignment of duties and respon- 
sibilities, and proper training and supervision of personnel. 
The MMC, and in many cases the MMl, will have adminis- 
trative and supervisory duties. As a supervisor, the MMC 
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(or MM1) should see that all pertinent instructions and 
routine procedures are carried out in regard to the proper 
operation, maintenance, and repair of machinery and 
equipment. 

5. Personnel must be thoroughly trained. This can best 
be accomplished by a combination of several different 
methods of training. The primary and most effective 
method of training is learning by doing; a good example 
of this is watch standing. Another method of training is 
carried out by regularly scheduled and carefully planned 
instruction periods. Instruction periods are not limited to 
classroom instruction — they may take any form, such as 
holding engineering casualty control drills at scheduled 
periods while under way. 

Engineering Plant Economy 

In order to obtain economy, the engineering plant while 
meeting prescribed requirements must also be operated so as 
to use a minimum amount of fuel. The fuel performance 
ratios are indicative of the condition of the engineering plant 
and the efficiency of operating personnel. The fuel perform- 
ance ratio is the numerical comparison of the amount of fuel 
oil used to the amount of fuel oil allowed for a certain speed 
or steaming condition. In evaluating engineering readiness, 
the fuel oil performance ratios reported on the Monthly 
Summary will be considered to indicate, in a general way, the 
prospective readiness of a ship to operate economically and 
within established logistic standards. In determining the 
economy of a ship's engineering plant, the same considera- 
tion is given to the amount of water used on board ship. 
Water consumption is considered as the gallons of make-up 
feed per mile, make-up feed per hour (at anchor), and 
potable water per man per day. 

The improvement in a ship's fuel economy depends largely 
upon the careful operation of the various plant units which 
consume power. This further depends upon the complete 
understanding of the function and the features of each unit; 
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the plant set-up, which involves each unit in combination 
with other units ; and the plant as a whole. 

Concerning any measures which may be taken in the pur- 
suance of fuel economy, there should be no violation of good 
engineering practice or of safe operation of the engineering 
plant. The health and comfort of personnel should not be 
reduced below the usual and expected standards. 

Indoctrination of the ship's crew in methods used to con- 
serve water is of the utmost importance, and should be given 
constant consideration aboard ship. 

Trial Performance 

Trial performances, such as full power and economy trials, 
furnish positive evidence of a ship's engineering plant readi- 
ness for wartime steaming conditions. Although trial per- 
formances may vary under different conditions, they give evi- 
dence of a ship's readiness to make the required speed and 
also give an indication of the ship's economical operation. 
Additional information concerning trials will be given in a 
later chapter of this training course. 

Control of Engineering Casualties 

The ability to control engineering damage and make emer- 
gency repairs in time of war is measured by the performance 
as observed in battle problems, or in other training exercises, 
and in actual emergencies. 

To judge the reliable and economical operation of a ship, 
it is necessary to first consider the ability of the ship's force 
(without undue outside assistance) to maintain and repair 
the ship's machinery and equipment. For true evaluation, 
however, due allowance must be made for service, age, and 
character of machinery installed, for the time and facilities 
allotted for maintenance and repair, and for experience and 
opportunity for the training of engineering personnel. 

The battle problem is the major part of an operational 
readiness inspection. A detailed program of training and 
scheduled exercises, or drills, in engineering casualty control 
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is necessary for the engineer's force to operate satisfactorily 
during an inspection. It is a fallacy to depend upon a few 
key men ; all men should be trained so that smooth team work 
and reliable performance may be obtained. 

Care must be taken not to neglect the training of engineer- 
ing personnel on steaming watch stations. Outside of war- 
time conditions, most of the engineering casualties occur 
when personnel are on steaming watch stations. The MMl 
or C in charge of the engineroom watch should check the 
training of personnel on watch and have a good understand- 
ing of their ability to stand watch and handle engineering 
casualties. When practicable, the senior watch stander 
should take such steps as may be necessary to instruct and 
supervise the men on watch. 

ENGINEERING EFFICIENCY 
Economy Versus Safety 

Aboard naval ships, economical measures cannot be carried 
to extremes, because there are certain safety factors that must 
be given consideration. At best, the operation of a combat- 
ant ship is a compromise between economy and safety. Un- 
less proper safety precautions are taken, reliability may be 
sacrificed ; and in the operation of naval ships, reliability is 
one of the most important factors. Therefore, in trying to 
operate an engineering plant as economically as possible, do 
not overlook various safety factors and good engineering 
practice. 

For example, it is not always practicable to operate naval 
ships at economical speeds. In order to have the ships ready 
for wartime conditions, it is necessary to carry out fleet 
maneuvers, and to have frequent tactical exercises aboard 
individual ships. 

Promoting Economical and Efficient Operation 

However, there are many other factors that, if given 
proper consideration, will promote economical and efficient 
operation of the ship's engineering plant. Some of these 



234 



factors are: (1) maintaining steam pressure constant, (2) 
proper acceleration of the main engines, (3) maintaining 
high condenser vacuum, (4) guarding against excessive re- 
circulation of condensate, (5) maintenance of proper insula- 
tion and lagging, (6) keeping the consumption of feed water 
and potable water within reasonable limits, and (7) conserv- 
ing the use of electrical power. 

Keeping Main Steam Pressure Constant. In order to 
maintain steam pressure constant, superheated steam tem- 
peratures should be kept as close to the designed temperature 
as operating conditions permit. Great care must be taken 
in raising and lowering superheated steam temperatures; 
otherwise the result will be leaking main steam joints. Such 
leaks will result in loss of efficiency. 

The proper acceleration of the main engines is an im- 
portant factor in the economical operation of an engineering 
plant. A fast acceleration will not only interfere with the 
safe operation of boilers but will also result in a tremendous 
waste of fuel oil. It must be remembered that the Machinist's 
Mate in charge of an engineroom, or standing a throttle 
watch, can contribute a great deal to the economical opera- 
tion of the boilers. 

Except for acceleration, or deceleration, and the operation 
of the main condenser, there are not many major factors 
to be considered in the economical operation of main tur- 
bines. On destroyers and other ships provided with cruising 
turbines these turbines should be used when operating con- 
ditions will permit. Turbine gland sealing steam should be 
properly maintained. Shaft packing, nozzle control valves, 
etc., should be maintained in good condition. When spin- 
ning main engines, care should be taken not to use excessive 
amounts of steam. 

Maintaining Hioh Condenser Vacuum. The operation 
and proper maintenance of main condensers is also an impor- 
tant factor in obtaining maximum engineering efficiency. A 
low exhaust pressure (high vacuum) permits a greater range 

of expansion for the steam, thus making a greater number of 

British thermal units (Btu) per pound of steam available for 
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useful work. The total available energy in the steam is much 
higher per pound of pressure difference in the lower range 
of pressures than in the upper range. This is the most im- 
portant reason why the condenser vacuum should be main- 
tained as high as possible and in accordance with designed 
requirements. 

The necessity for constant care and attention to prevent 
and detect air leaks, and the proper operation of the con- 
densing equipment, can hardly be overemphasized. 

Guarding Against Excessive Recirculation of Con- 
densate. The excessive recirculation of condensate should 
be avoided, as it will cool the condensate to an uneconomical 
degree. The use and the operation of the thermostatically 
controlled recirculating valve (discussed in chapter 4 of this 
training course) should be well understood. 

Maintenance of Proper Insulation and Lagging. In 
every power plant there is a heat loss from all heated surfaces, 
and a heat flow to the surrounding air and cooler objects. 
This heat transfer should be kept to a minimum by proper 
insulation. Poor insulation (or no insulation) on steam 
machinery, valves, small lines, and sections of piping indi- 
cates a lack of understanding of the basic requirements of 
insulation. 

While increasing the economy of the plant, insulation also 
reduces the quantity of air necessary for ventilating and 
cooling requirements. Proper insulation will also reduce 
the danger of personnel receiving burns from contact with 
the hot parts of valves and machinery. Good insulation, 
elimination of all steam leaks, and a clean ventilation system 
contribute a great deal to good economy and to habitable 
conditions in the engineroom. 

Conservation of Feed Water and Potable Water. 
Aboard ship, feed water and potable water consumption rates 
are entered on the Monthly Summary. A type commander 
judges the engineering efficiency of all ships operating under 
his command by referring to fresh water rates and fuel oil 
rates. For example, destroyers should normally use 10 to 
14 gallons of feed water per mile under way, and from 100 
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to 120 gallons of feed water per hour when not under way. 

Ships having excessive feed water consumption rates 
should undertake immediate and intensive campaigns to 
eliminate all water, steam, and drain leaks that contribute 
to the uneconomical operation of the individual plants. This 
program will not only improve feed water rates, but will also 
improve the fuel oil performance ratio. 

The consumption of potable water by the ship's crew bears 
a direct relationship to efficient operation of the engineer- 
ing plant; the greater the amount of fresh water distilled, 
the greater the amount of steam consumed. Conservation of 
fresh water requires the close cooperation of all personnel 
aboard ship, since large amounts may be wasted by improper 
operation of the laundry, scullery, or galley. Maintenance 
personnel should take prompt action to eliminate plumbing 
i leaks. 

Conserving the Use op Electrical Power. Excessive 
use of electric lights throughout the ship is a common source 
of waste of power. Lights are frequently left on when not 
needed, and in addition there is a tendency on the part of 
ship's personnel to use bulbs of a wattage greater than that 
authorized. 

If the ship's ventilation system is improperly operated and 
maintained, the result may well be a waste of electric 
power. Continued high-speed operation of vent sets adds to 
the electrical load on ship's service generators. Dirty and 
partially clogged ventilation screens, heaters, cooling units, 
and ducts will result in inefficient operation and power loss. 

In checking the operation of the engineering plant for 
efficiency, it is important to consider proper operation and 
maintenance of the various units of auxiliary machinery. 
Economical operation of the distilling and the refrigeration 
plants, and of the air compressors, will contribute a great 
deal to over-all efficiency. Because of the large number and 
various types of pumps aboard ship, their operation and 
their maintenance are important factors. Auxiliaries that 
operate continuously, or most of the time, must be given 
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very careful attention with respect to efficient operation 
and required maintenance. 

Recommendations for Efficient Operation. Whenever 
the smooth and continuous operation of the propulsion plant 
is disrupted by casualties, a loss in economy will result. The 
following are some specific recommendations for the efficient 
operation of engineering plants: 

1. Use the minimum number of forced draft blowers. 
It is more economical to run one blower near its designed 
full speed than to run two blowers at a lower speed. 

2. Do not operate with excessive feed water pressures. 
Excessive pressure results in a waste of feed pump power. 

3. Maintain the proper fuel oil temperature. Do not 
operate more fuel oil heater units than necessary for proper 
heating. Overheated fuel oil not only wastes steam, but also 
fouls the heaters. 

4. Maintain the superheated steam temperature as close 
to the designed temperature as operating conditions of the 
ship will safely permit. 

5. Steam with a light brown haze, whenever permissible. 
The clean stack condition between the light brown haze and 
the white smoke indicates that the percent of excess air 
ranges from 20 to 200 percent. The ideal point is that 
narrow range from haze to just clear. 

6. Boiler casings should always be tight. Leaky casings 
indicate excessive fuel consumption. 

7. High feed water consumption indicates an uneconom- 
ical plant. No leak is so small as to justify neglect. 

8. Clean the boiler tubes regularly. Soot and scale are 
insulators which prevent heat transfer. Dirty boilers indi- 
cate high and uneconomical fuel rates. 

9. Blow the tubes in steaming boilers at least twice each 
day at sea, and at least once each day when steaming for 
auxiliary purposes. Also blow the tubes before securing the 
boilers. 

10. While steaming, blow the boilers down at reasonable 
periods, to avoid high concentrations of scale-forming salts 
in the boiler water. 
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11. Maintain proper fuel combustion in a boiler furnace. 
Poor combustion results in a large decrease in efficiency. 

12. Keep the steam pressure and temperature as steady 
as practicable at all times. 

13. Throttlemen should carefully follow the standard ac- 
celeration table posted on the throttle board. Fast accelera- 
tions result in waste of fuel oil. 

14. Check the condensing systems frequently for proper 
operation and tightness. 

15. Avoid excessive recirculation of the condensate. 

16. Steam at the ship's most economical speed, whenever 
permissible. 

17. Feed water in the deaerating feed tank should be 
properly heated and deaerated. 

18. Check all drain lines and steam traps for good mate- 
rial conditions and proper operation. 

19. All orifice plates in piping systems should be checked 
for good material condition and proper operation. 

20. Keep the steam pressure to the air ejectors steady 
and at the designated pressure. 

21. Maintain the thermostatically controlled recirculat- 
ing valve in good condition and operate it under proper 
conditions. 

22. Maintain the auxiliary exhaust system and the asso- 
ciated automatic valves in good condition. 

23. Follow the proper procedures in taking on make-up 
feed water. 

24. Maintain all heat insulation and lagging in good con- 
dition. Remember that painted surfaces will reflect heat, 
and that black, or dark, surfaces will absorb heat. 

25. Keep the bilges dry. Water in the bilges will add to 
the humidity of the air, necessitating more ventilation to 
keep the space habitable. 

26. Keep ventilation systems, especially for engineering 
spaces, clean at all times. 

27. Ventilation motors should be run on low speed, un- 
less high speeds are necessary because of hot weather or hot 
compartments. 

i 
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28. It is more economical to operate one ship's service 
generator at full load than two generators at very light 
loads. Whenever the ship's safety and the electrical loads 
will permit, one generator, rather than two, should be 
operated. 

29. Maintain proper lubricating oil temperatures. Cold 
lubricating oil can be an indirect cause of excess fuel oil 
consumption. 

30. Use the proper set-up of pumps to feed steaming 
boilers. 

31. Check on the efficient operation of heat exchangers 
for auxiliaries. 

32. Check the condensate depression of the main con- 
denser, when in cold waters. 

33. A careful routine should be carried out when check- 
ing for water in the fuel oil. Burning fuel contaminated 
with salt water is very uneconomical, and may disrupt the 
engineering plant. 

STEAMING ORDERS 

The procedure of getting a ship under way, especially a 
large ship, in a smooth and efficient manner depends to a 
great extent upon the administrative procedures and organi- 
zation of the engineering department. The posting of the 
steaming watch, the advanced supply of necessary informa- 
tion to supervisory personnel, the dissemination of instruc- 
tions to watch standers, the mustering and checking of watch 
standers on stations, and the lighting off of the main plant 
and standing by to get under way, involve certain procedures, 
coordination, and instructions by supervisory personnel. 

To prevent misunderstanding and confusion, forms and 
check-off lists are used for getting a ship under way. The 
purpose of check-off sheets for lighting off, or securing, the 
main plant is to provide a convenient and simple procedure 
by checking the required steps in a proper sequence. Check- 
off lists will ensure that no important steps have been over- 
looked, or momentarily forgotten. Steaming orders are 
necessary, especially on large ships, to supply advanced in- 
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formation to supervisory personnel, and to enable adminis- 
trative personnel to make the necessary preparations. On 
small ships and in the M division on large ships, an MMl or 
C will carry out many supervisory duties and responsibilities. 

On the steaming orders form are listed the various ma- 
chinery units and readiness requirements of the engineering 
department; these are based upon the time set for getting 
under way. This form generally includes the major ma- 
chinery to be used, the lighting-off times, the cutting-in of 
boilers and spinning of propulsion turbines, the cutting-in 
of ship's service generators, the standard speed, and the 
names of the engineering officer and the leading petty officer 
of the watch. The early posting of such orders is essential 
in getting a large propulsion plant under way with a mini- 
mum of confusion. 

On smaller ships, such as destroyers, steaming orders are 
usually brief and simplified. The first part of an engine- 
room lighting-off sheet is generally used as the steaming 
orders. Key supervisory personnel, such as the MMC, BTC, 
and EMC, are notified by the engineer officer, or by the assist- 
ant engineering officer, as to the time the ship will get under 
way. The duty MMC, who has received all the necessary 
information and instructions, is responsible for making 
preparations to get the ship under way. 

GETTING THE PROPULSION PLANT STARTED 

When all watch standers have mustered in the engineroom, 
the MMl or C in charge of the engineroom watch should 
inform the main engine control that his engineroom is 
manned and ready to light off. The MMC in the control 
engineroom, especially on smaller ships, should check to see 
that all engineering spaces are manned and ready to light off. 
He should also see that all other reports, as required in the 
lighting-off procedure, are made to the control engineroom. 
It must be remembered that the control engineroom should 
take precautionary measures to ensure that all stations have 
been manned by the steaming watch. 



241 



A general check-off sheet, or table of instructions, to be 
followed in getting the propulsion plant started is usually 
provided on each ship. These instructions will differ in 
accordance with the installation and the desires of the en- 
gineer officer. The following warming-up schedule is a 
typical example of that used for propulsion plants aboard 
destroyers. 

Engineroom Warming-up Schedule 

Time Allotted Operation 

01—45.-- Station the engineroom steaming watch. Take 

and record the counter reading and turbine 
clearances. Enter them in the log, specifying 
that they are cold readings. Prepare Operat- 
ing Records and Bell Book Sheets. 

EM energize circuits to all necessary motor- 
driven pumps and IC circuits. 

Open all funnel drains wide. Close when steam 
blows through, and shift to high-pressure drain 
line. Cross-connect feed water drain collecting 
tanks. 

Line up the high-pressure drain line to the de- 
aerating feed tank. Crack the bypass on the 
drain discharge (where installed). Line up 
the fuel oil heating coil drains to the inspection 
tanks. 

Back off all throttles, throttle the bypass and 
nozzle valves, and reseat lightly by hand. 
Check to see that all turbine drains are open. 
Test engine 1 'wrong-direction' 9 alarms. 

Open the bulkhead stop valves, the crossover 
valves, and the line stop valves for boilers to 
be cut in on the main steam line. The fire- 
room should then crack the bypass on the 
steaming boiler's stop valve, and slowly build 
up pressure on the main steam line. 

Cross-connect the auxiliary steam lines; also, the 
exhaust lines. 

01 — 30 Clean the lube oil and the bilge strainers. 

Check oil levels in the sump tanks, pumps, oil 
sumps, and main spring bearing oil sumps. 

Check the temperature of the main lube oil sump 
tanks. If it is below 90° F, warm up by means 
of purifier heaters, or connect the steam hose 
to the cooler, and heat the oil. Ensure that 
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Operation 

the coolers are full of water, and that the lube 
oil cooler vents are open. 

Start a main lube oil pump in each engineroom, 
and check: oil delivery to all bearings, lube oil 
low-pressure alarm settings, leaks, opening of 
main lube oil governor valves (where in- 
stalled), and operating levels of main engine 
sump tanks. 

Slack off stern-tube glands, allowing a small 
amount of water to leak through the gland. 

Engage the jacking gears and start jacking over 
the main engines. Display suitable signs at 
the main throttle valves. 

Check the flushing main set-up and line-up of 
the cooling service main. Check the cooling 
systems of auxiliaries. 

Open the main condenser injection, overboard, 
and salt-water side vent valves. Start the 
main circulating water pumps. Do not oper- 
ate with less than 125-150 psi steam chest 
pressure. 

Line up the gland exhauster condensers. Start 
the main condensate pumps. Recirculate 
condensate through the air ejectors back to 
the main condensers. 

Cut in steam to the main turbine glands. Bring 
up the main condenser vacuum slowly by 
cutting in steam to the second stages of the 
main air ejectors. Check gland leak-off's to 
ensure that they are properly lined up. Start 
the gland exhauster fans. 

Warm up one main feed pump in the engine- 
room having the hot deaerating feed tank. 
Cool the emergency feed pump for 15 minutes 
before obtaining cold suction. 

Warm up the idle deaerating feed tank. Start 
the main feed booster pump and open wide 
its recirculating valve to the deaerating feed 
tank. 

Test the engine-order and engine-revolution in- 
dicator systems, verifying via telephone each 
position on the bridge and in each engineroom 
and fireroom. 

Cut in steam to the whistle and to the siren, 
slowly. When the lines are completely 
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Time Allowed Operation 

drained by the bypass traps, cut in the traps 

and secure the bypasses. 
When the vacuum on the main condenser 

reaches 20 inches, shift the auxiliary exhaust 

to the main condenser. Shift drains to the 

main condenser. 
Start the second ship's service generator. When 

it has been thoroughly warmed up, put it on 

the line. 

Test the low pressure oil alarm. 

00 — 30 EM's, in conjunction with deck operators, test 

the anchor and steering engines. Results of 
the tests are to be reported to the forward 
engineroom. 

Request permission to test the main engines at 
0-15 minutes "schedule" time. 

In each engineroom, cut in the first main feed 
pump on the main feed line, and warm up the 
second main feed pump. 

00 — 20 Warm up and test out the standby auxiliaries 

(include lube oil shaft pumps, feed booster 
pumps and condensate pumps). 

When steam pressure has equalized on the main 
steam line, open the main boiler steam stop 
valves }{ travel. 

Cut in steam to the first stage to the main air 
ejectors, and bring up the vacuum to ap- 
proximately 29 in. 

Put the No. 2 boiler on the main and the auxil- 
iary steam lines when the steam pressure is 
up to the line pressure. Open the main stop 
valves only }{ travel. Cut in the second 
main feed pump. 

00 — 15 Man 1JV and 2JV phones in all main machinery 

spaces. Ensure that the bridge and the main 
deck (aft) phones are also manned. 
When permission has been granted to test the 
main engines, notify all main machinery 
spaces to stand by. Station observers on 
each shaft. Disengage the jacking gears. 
Spin the shafts in opposite directions, as 
directed by the engineering officer of the 
watch, ensuring that no way is put on the 
ship. 

Open wide all the main and boiler stop valves. 
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Time Allowed Operation 

When all the main machinery spaces report 
ready, the engineer officer should notify the 
bridge that the engineering department is 
ready to answer all bells. Ensure that 
standard speed is known to all main machin- 
ery spaces. 

While standing by... Take and log main turbine axial "hot clear- 
ances/' specifying hot readings. 
Spin the main engines by steam every three 
minutes, ensuring that no way is put on the 
ship. 

00— 00 Under way when ordered. Notify the after 

engineroom and both fire rooms. Log the 
counter readings. 

00—05 Secure the main turbine drains. 

Notes 

1. The plant should be fully split at all times when the ship Is leaving 
port or maneuvering in restricted waters. 

2. When directed, set the split-plant condition prior to testing the 
main engines. 

3. Split the plant when ordered and check the following systems : 

a. Main steam line 

b. Auxiliary steam line 

c. Auxiliary exhaust 

d. High-pressure drains 

e. Low-pressure drains 

f . Condensate pump discharge cross-connection 

g. Booster pump discharge cross-connection 

h. Main feed pump cross-connection 

L Auxiliary feed pump cold suction and transfer line 
j. Salt water flushing system 
k. Generator a-c and d-c loads 

4. Submit the completed form to the engineering department by the 
end of the first watch. 

FIREROOM OPERATIONS 

In order for an MMl or C to carry out his duties properly, 
he must possess some knowledge of the basic fireroom proce- 
dures. This is especially true on those installations whero 
an MMC is in charge of the control engineroom while under 
way. The efficient and safe operation of the engineering 
plant depends to a large degree on the close cooperation 
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between the fireroom and engineroom personnel. This close 
cooperation will, in turn, depend upon the MM's knowledge 
of the fireroom and the BT's knowledge of the engineroom. 
By the time personnel in either space have become first class 
or chief petty officers, they should have an excellent under- 
standing of the entire engineering plant. This does not 
mean they should be able to switch watch-standing jobs, 
but they should know what is occurring on the other side of 
the bulkhead or, as the case may be, on the other side of the 
space. 

Close cooperation between the spaces is most important 
when lighting off or securing the plant. As additional ma- 
chinery is started in the fireroom, the engineroom should be 
notified. In many cases, the fireroom should be notified as 
machinery is stopped, or started, in the engineroom. These 
matters should not be taken for granted; it should not be 
assumed that personnel in the other space know which ma- 
chinery is in operation. In the case of feed pumps, for 
example, personnel in both spaces should know at all times 
which feed pumps are in operation, and which pumps are 
standby. 

It is essential that the MMl or C have a knowledge of 
the fireroom light ing-off procedures and the time required 
for the fireroom to be ready for getting under way. The 
machinery should not be required or expected to be put into 
use before the proper warming up time has elapsed. 

Types of Boilers 

There are several makes and classifications of boilers in 
use today. However, with few exceptions, all propulsion 
boilers are equipped with superheaters. Superheated boilers 
are further classified as to whether or not the superheater 
outlet temperature is controllable. 

The TWO-FURNACE SINGLE-UPTAKE SUPERHEAT-CONTROL 

boiler is installed in destroyers, cruisers, battleships, and 
larger carriers. The operating pressure of this type of boiler 
is 600 psi with a maximum superheater outlet temperature 
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of 850° F. The superheaters of these boilers cannot be fired 
unless the safe minimum flow of steam is passing through the 
superheater; when the boilers are operating at full steam 
temperature, the safe minimum steam flow varies from 
approximately 5000 to 9000 pounds per hour (depending 
upon the type and size of the boiler in question). 

On large combat installations, there is usually sufficient 
steam flow (even when steaming for auxiliary purposes) to 
maintain light fires on the superheater side. However, in 
some cases and particularly in the case of destroyer installa- 
tions, it is usually necessary for the ship to be under way 
and making about 12 knots before the superheater can be 
placed into operation. Also, whenever the superheater is 
operating and the steam flow drops below the minimum, the 
fires under the superheater must be secured immediately. On 
destroyers, the superheater fires must usually be secured 
when the speed of the ship drops below 10 knots. From the 
standpoint of maintenance and repairs to the steam piping, 
turbine casings, and superheater handhole plates, it is not 
profitable to put the superheater into operation until it is 
expected that, for a considerable period of time, the ship's 
speed will be greater than 10 knots. In addition, continually 
lighting off and securing the superheater will cause extensive 
steam leaks throughout the parts of the system subject to 
fast-changing temperature conditions. These steam leaks 
will waste more fuel than would ever be saved by the few 
minutes of superheat operation. 

The no control, integral superheater boiler (not sepa- 
rately fired) creates a different type of problem. During 
operation, there is no problem since all steam passes through 
a superheater and is superheated. After the boiler is on the 
line and furnishes steam, there will be a sufficient flow be- 
cause all the steam generated passes through the superheater. 

However, when lighting off and securing, there is no 
normal flow of steam through the superheater and some 
means of flow must be established. This means that before 
a boiler is cut in, and after it is removed from the line, cooling 
steam must pass through the superheater. 
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A brief discussion on the construction and operation of the 
no control superheat boiler will help you to understand the 
need for protection steam during lighting off and securing 
operations. 

The superheater is installed within the banks of the gener- 
ating tubes and receives heat from the same fire as the gen- 
erating tubes. In operation, the steam is generated and 
before any of it is used, it is routed through the superheater. 
The steam used for auxiliary purposes must be desuperheated 
by passing it through a desuperheater that is submerged 
below the water level in the steam drum. When the boiler 
is steaming for auxiliary or underway purposes, there is a 
constant flow of steam through the superheater sufficient to 
cool the superheater tubes. However, during the time when 
the boiler is lighted off (before the stops are opened), and 
when the boiler is being secured (after the stops are closed), 
there is no normal flow through the superheater. Of course, 
during these periods there is heat in the furnace and the 
superheater tubes are subjected to this heat. If steam is not 
passed through the superheater during these periods, the 
superheater will become overheated and suffer damage. This 
problem is overcome by piping steam from the auxiliary 
steam line, through the superheater and into the auxiliary 
exhaust line. 

The no control superheat boiler is installed on DE's, on 
auxiliary ships, and on some carriers. The operating pressure 
range of these boilers is from 400 to 460 psi. The super- 
heater outlet temperature usually varies from approximately 
700° to 775° F. 

Lighting Off the Fireroom 

It takes from 1 to 2 hours to raise steam to full pressure 
in the boilers. If the boiler has not been steamed for a 
period of time and is completely cold, the longer period of 
time will be required. 

When lighting off, the firerooms and the enginerooms 
must be manned. When additional steam machinery is to 
be started, the engineroom watch must be notified. 

As additional machinery is started in the spaces, the load 
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on the steaming boiler is proportionally increased. Of 
course this does not burden the boiler; however, where a 
reciprocating emergency feed pump is used to feed the in- 
port boiler, an undue load is placed on this pump. The re- 
ciprocating emergency feed pump is not designed to feed 
the boiler constantly under any other than low load or in- 
port conditions. 

It is of primary importance that these type pumps be 
maintained at peak operating condition, as they have more 
than once saved the day by maintaining the water level for 
short periods when the main pumps failed. The larger 
pumps should, as soon as possible, take the load when light- 
ing off. They should also be kept in operation after the 
plant is secured, until such time as the load on the in-port 
boiler has dropped to near normal. 

The following procedure should be used when lighting 
j off a destroyer boiler : 

1. Remove the smoke-pipe cover. 

2. Inspect and clean all strainers. 

3. Clean all atomizers. Place them in the air registers 
! for adjustment with reference to the diffusers, then remove 

all the atomizers except those to be used in lighting off. Test 
out the working of the air registers. 

4. Close the individual atomizer root and needle valves. 

5. Steam or wash out all bilges. 

6. Inspect the bottoms and inner fronts of the air casings 
of all air-encased boilers to see that they are clear of any oil 
accumulations or drip ; clean out any oil accumulation and 
correct drips, if noted, prior to lighting off. 

7. Wipe up all oil on floor plates and elsewhere. 

8. Inspect for and remedy oil leaks. 

9. Make certain that the inner casing drain holes of the 
double front burners are open and clear for conducting any 
atomizer drip to the furnace. 

10. Examine all casing doors to ensure that they are 
closed and airtight. 

11. Open the air cocks, including the air vents on the 
superheater; open the superheater drain to the bilges. 
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12. Open the water gage shut-off valves. 

13. Drain the boiler to the bottom of the 10-in. glass, if 
the boiler has been idle. 

14. Cut in the auxiliary steam and exhaust lines; open 
the necessary drains. 

15. Examine the hand gear for lifting the safety valves 
and operate this gear, so far as can be done, without lifting 
the safety valves. 

16. Raise the water level in the boiler to about two inches 
in the 10-in. glass, by opening the main feed check and stop 
valves to ensure that these valves are functioning properly, 
and that the economizer is filled. 

17. Ease up the boiler main steam stop valve stems with- 
out lifting the valve disks off their seats with the deck con- 
trol gear, so as to prevent sticking when the valve heats up. 
Where double valve protection is installed, first open the 
valve next to the boiler. Then handle the second valve with 
the bypass. This applies to auxiliary as well as to main 
stop valves. 

18. Open all cocks and valves in the line to the boiler 
steam gage. 

19. Line up the fuel oil suction and discharge lines. 

20. Drain and start one forced draft blower and blow out 
the furnace. Ensure that shutters on the idle blower are in 
the closed position to prevent it from rotating in reverse 
direction and suffering damage because of lack of lubrication. 

21. Drain and start the fuel oil service pump (or the elec- 
tric pump) . 

22. Cut in the fuel heater and circulate oil through the 
heater and burner manifold until oil reaches the proper tem- 
perature for atomization (about 135°-140° F.). Bypass the 
meter during recirculation. 

23. EM's energize the thermal alarm of the superheater, 
and test. 

24. Close all registers except No. 1. 

25. Cut in the fuel oil meter. 

26. Push all the way in, and light off the No. 1 atomizer, 
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using the 5015 sprayer plate ; use a torch and stand well clear 
to avoid flareback. 

27. At no time while raising steam in a boiler, and prior 
to cutting it in on the main steam line, should a burner be 
lighted under the superheater side except on the specific 
orders of the engineer officer. No superheater burners should 
be lighted unless the superheater protection device indicates 
a safe steam flow through the superheaters. 

28. Warm up the additional fuel oil service pump. 

29. As the boiler heats up and steam forms, frequently 
check the water level for rise in glass. 

30. Close all air cocks and vents after steam has formed 
and all air has been expelled. 

31. Warm up the emergency feed pump and line up suc- 
tion and discharge. 

32. Check the boiler gage to see that it at once registers 
pressure. 

33. When boiler pressure reaches approximately 50 to 75 
psi, close the superheater bilge drains and cut in the high- 
pressure drains. 

34. Start warming up the main steam line, using bypasses, 
and open the drains. 

35. Lift the safety valves by hand when the boiler pres- 
sure is 100 psi below the reseating pressure of the safety 
valves. Prior to lifting the safety valves, test the super- 
heater for presence of condensate, by use of the drain to the 
bilges. 

36. Check the operation of the gage glasses by blowing 
them through. 

37. With the boiler pressure slightly above the line pres- 
sure, cut in on the auxiliary steam line, then on the main 
steam line when ordered by the control engineroom, crack- 
ing superheater outlet valve slowly; when pressures have 
equalized, open both valves wide. ( The turbogenerator steam 
line on DD445 and 692 classes should be opened.) 

38. Commence feeding the boiler. 

39. Put in place a set of maneuvering-size sprayer plates. 

40. Warm up and start an additional forced draft blower. 
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41. Report ready to get under way. 

After a ship is under way, light fires under superheaters 
when ordered by the control engineroom, provided the flow 
meters register sufficient steam flow. The superheat should 

BE RAISED EVENLY ON ALL BOILERS, AT THE RATE OF 50° F 
EVERT 5 MTNUTE8. 

Paralleling Boilers 

It is sometimes necessary to light off and put additional 
boilers on the line, after a ship is under way. With satu- 
rated or no control superheater boilers, the steps are much 
the same as when putting the first boiler or boilers on the 
line. However, with superheat control boilers and with the 
superheaters of steaming boilers in operation, additional 
precautions must be taken. 

When the steam lines are carrying superheated steam, it 
would be dangerous to admit saturated steam therein. In 
most cases, it is not normally possible to establish enough 
steam flow to light off the superheaters of the incoming 
boilers until they are on the main line. It is permissible, 
however, to cut in the incoming boilers, without their super- 
heaters in operation, if the temperature of the steam in the 
lines is lowered to 600° F. Such lowering of the operating 
temperature should be started in ample time so that the cut- 
ting- in temperature can be reached when the incoming boil- 
ers are up to pressure. Except in an emergency, the tempera- 
ture should not be lowered or raised at a faster rate than 
50° F every 5 minutes. 

If the ship is operating at a speed that requires the maxi- 
mum temperature and the saturated furnaces are being fired 
at the maximum design rate, this lowering of temperature 
will mean that the speed must be reduced. If an emergency 
exists, it is permissible to attempt to establish flow on the 
incoming boilers by (1) opening the superheater bilge drains, 
(2) opening the main steam line low-pressure drains, (3) 
opening the main stop bypasses, and (4) steaming the boilers 
directly to the idling generators. If such measures succeed 
in establishing sufficient flow, the superheaters may be lighted 
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off and the temperature brought up before the boilers are 
cut in on the main line. However, it is to be reemphasised 
that these measures may be attempted only in cases of ex- 
treme emergency. 

With regard to superheater operation, the casing air pres- 
sure is a very important factor. When it is known that 
superheaters are to be put into use, they should be lighted 
off before the saturated furnaces are being fired at a high 
rate. It is extremely difficult to insert a lighted torch in the 
superheater furnace when the air casing pressure is high. 
The torch will almost invariably be blown out before the 
superheater burner can be lighted. During such operations, 
injury to personnel has resulted from flareback. In brief, 
superheaters cannot be lighted off when saturated firing 
rates and steam flow are extremely low, and they should be 
lighted off before the firing rates are extremely high. 

Securing Procedures 

Prior to entering port and securing, orders should be given 
to the fireroom to blow the boiler tubes. If the Boilerman 
on watch does not initiate such a request, the engineroom 
watch should do so, and when permission is received from 
the bridge the word should be relayed to the firerooms. 

During securing operations, close coordination between 
spaces is important. This applies particularly to the fire- 
room and engineroom that remain lighted off for in-port 
steaming. When the feed pump operation is switched from 
one space to another, the pump being placed in service must 
have the load before the one in operation is secured. The 
pump to be secured should be allowed to remain in standby 
status until it is certain that the other pump has the load. 

Reciprocating emergency pumps should not be put in op- 
eration if the deaerating feed tank temperature is excessive. 
The packing in these pumps cannot long withstand tempera- 
tures in excess of those for which they were designed. 

When securing the firerooms and enginerooms, most per- 
sonnel have a tendency to rush. This is a serious mistake 
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which should not be made. Hurried securing operations can 
result in a loss of the load. 

The following table lists the steps for securing the boilers 
on a destroyer : 

1. When permission has been received from the OOD, 
blow the tubes with soot blowers. 

2. Close the oil valves to the atomizers one by one, super- 
heated side first, at the same time closing the air registers. 

3. Slow down the oil service pump as the atomizers are 
shut off, to prevent the pressure from building up. 

4. Remove the atomizers promptly on securing, and drain 
the contained oil into a closed bucket ; remove the plates and 
tips, and keep them in kerosene or Diesel oil until they can 
be cleaned and oiled. 

5. Shut off the steam to the oil heater to prevent exces- 
sive heating and carbonizing of the oil as the flow is reduced. 

6. Slow down the forced draft blowers. 

7. When all atomizers are closed, secure the oil lines and 
the oil pump. ! 

8. With registers slightly cracked, run a blower just long j 
enough after shutting off the oil supply to ensure that all J 
oil on the furnace floor is consumed and that the furnace is 
cleared of all gases, and to prevent overheating of burner 
parts adjacent to the furnace. 

9. Close up the furnace tightly to prevent access of cool 
air into the heated interior, as sudden cooling-off will cause j 
serious damage to the refractory lining and may cause warp- 
ing of tubes. ! 

10. Close the main superheater outlet and the line stop 
valves. 

11. When the boiler ceases to require feed, close the aux- 
iliary steam stops and fill the boiler to three-fourths glass. 

12. When the boiler pressure reaches 50 psi, shift all 
drains to atmospheric. 

13. Wipe up the oil on the floor plates, drip pans, etc. ; 
clean the drain holes from the inner front to the furnace. 

14. If practicable, put on smoke-pipe covers to prevent 
access of moisture into the uptakes and boiler firesides. 
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15. When the boiler has cooled, open the air cocks, fill the 
boiler completely with water, and see that the water is circu- 
lating. Then close the air cocks and pump to 60 psi hydro- 
static pressure. 

COMING INTO PORT 

After the control engineroom has been notified as to the 
time the ship will enter port, the necessary preparations 
should be made in advance for entering port and securing the 
main engines. Personnel should be informed and given 
specific instructions for setting up the auxiliary steaming 
watch in port. On most ships, especially on smaller ships, 
the MMC in charge of the watch will supervise the prepara- 
tion for coming into port and the operations that take place. 
The MM1 and MMC will also be concerned with the ad- 
ministrative procedures involved in bringing a ship to anchor, 
securing the main engines, and setting the auxiliary steam- 
ing watch. 

While the ship is still out in open sea, the control engine- 
room should request permission from the OOD to pump the 
bilges. In addition, a request should be made to blow the 
tubes on all steaming boilers. A report should be made to 
the bridge when the pumping of bilges and the blowing of 
tubes has been completed. 

In some cases the ship will have fuel oil tanks ballasted 
with salt water. Care should be taken to see that all salt- 
water ballast has been pumped out before a ship enters port. 

Lowering the Superheat 

The difference between the superheater outlet temperature 
and the saturated steam temperature is known as the degree 

OP SUPERHEAT. 

As mentioned before, it is necessary to lower the maximum 
temperature of the superheated steam (particularly on de- 
stroyers) prior to entering port or coming to anchor. The 
maximum steam temperature to be used in the astern tur- 
bines of an installation having superheat control boilers 
varies from 675° F to 800° F. The use of superheated steam 
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in the astern turbines usually limits the rpm to be made 
and/or the time that astern operations can be safely con- 
ducted. Therefore, it is preferable that in-port maneuvering 
be done on saturated steam. 

The lowering and/or securing of the superheat requires 
close cooperation between the OOD, the control engineroom, 
and the firerooms. This is especially true on destroyer in- 
stallations, where extremely low maneuvering speeds usually 
require immediate securing of the superheaters. The fire- 
rooms must receive word in sufficient time so that the boiler- 
men can lower the superheat at the prescribed rates. (Re- 
member that superheat should not be lowered or raised at 
a greater rate than 50° F every 5 minutes). 

The necessity for slowly lowering or raising the steam 
temperature can be readily understood when the following 
facts are considered : 

1. The boiling point of water under a pressure of 600 psi 
gage is approximately 489° F. This will also be the temper- 
ature of the saturated steam rising from water boiled at 
that temperature. 

2. There is usually a carry-over of heat from the saturated 
furnace to the superheater tubes, even when the super- 
heater burners are secured. This gives the steam at the 
superheater outlet a slight degree of superheat (the total 
steam temperature usually reading 500° F, or slightly 
higher) with the superheat side secured. Thus, when oper- 
ating at maximum superheater outlet temperature (850° 
F) there is a degree of superheat of approximately 350° F. 

3. When the superheat side of a boiler is suddenly secured, 
the entire piping system, from the superheater to and in- 
cluding the turbine, is immediately subjected to a cold shock 
equivalent to 350° F less than what it was operating at. 
Repeated cold-shocking invariably results in leaks through- 
out the system. If these leaks are not corrected at once, 
the final result is that steam cuts cannot be corrected without 
extensive repairs. 

4. When it is desired that the steam temperature be 
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lowered or raised, the firerooms should be notified in suffi- 
cient time so that the desired temperature can be reached 
slowly. 

A thorough understanding of superheater operating pro- 
cedures may be had by studying chapter 7 of Boilerman 1 
and C, NavPers 10536-A. 

Auxiliary Machinery 

On installations where the turbogenerators exhaust to 
either the auxiliary or main condensers, the following proce- 
dure should be used : 

1. Put the auxiliary condenser in operation, and start 
the standby turbogenerator, allowing it to exhaust into the 
auxiliary condenser. In an emergency, this will permit the 
use of reserve electric power. 

2. Shift the auxiliary exhaust to the auxiliary condenser 
so that the main plant can be secured in less time. 

3. Warm up the auxiliary machinery which is to be used 
in anchoring the ship. 

SECURING THE PLANT 

Each type of ship will have its own detailed forms for 
securing procedures. The following check-off list, which is 
that used on destroyers, is given as an example. 

Enginbboom Securing Schedule 

Operation 

Pump all bilges, and contaminated oil and water 

tanks. Dump overboard all oily rags and trash. 
Obtain the OOD's permission to blow the tubes on 

all steaming boilers. 
Set the split-plant condition, completely or partially 
as dictated by the fireroom set-up, and ordered by 
the engineer officer. 
Consult the engineer officer as to the following set-up 
for auxiliary purposes: boiler number, auxiliary 
engineroom, make-up feed suction and standby, 
fuel oil suction and standby, distilling plant opera- 
tion and feed or potable water discharges, auxiliary 
watch section. 



Time allowed 



00—30 
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Time allowed 



Operation 



Shift the deaerating feed tank vent to the auxiliary 
air ejector, if the tank is to be used for auxiliary 
purposes. Vent the tank to bilge if it is to be 
secured. 

Lower the superheat temperature slowly to 650° F. 

Have maneuvering burners standing by for use when 
the demand becomes imminent. 
00 — 15 Warm up the standby main feed pumps, the emer- 

gency feed pumps, and the main circulating pumps. 
Man the JV telephones, between the bridge and 
the control engineroom, and between the main 
machinery spaces in operation. 

Start the auxiliary plant; and, where piping arrange- 
ment permits, shift the ship's service generators to 
the auxiliary steam line. Cut out superheaters 
when the load indicates. Check the feed tempera- 
ture; check the auxiliary exhaust pressure, and 
regulate if necessary. 

Check the operation of the main injection flapper 
valves when the main circulating pumps are started. 

00 — 10 Shift to the high-pressure turbine combination when 

the first bell is received. Crack the main and cruis- 
ing turbine drains when the first stop bell is re- 
ceived. While stopped, spin the main engines by 
steam every three minutes, ensuring that no way is 
put on the ship. 

00 — 00 When the order to secure the main engines is received 

(via telephone) from the OOD: 

a. Secure the main steam stop valves. 

b. Secure the main and the cruising throttle 

valves and the crossover valves. 

c. Engage the jacking gears and jack continu- 

ously. Tag out the throttle valves while 
the jacking gears are engaged. 

d. Notify the fireroom(s) to secure excess 

boilers, and to close the boiler main stop 
valves. Bleed the boiler drum excess pres- 
sure via the auxiliary stop valves, and bleed 
the secured lines via the drains. 

e. Secure the first stage of the main air ejectors. 

f. Notify the fireroom to start the emergency 

feed pump (8) and secure the main feed 
pumps as soon as practicable. Ensure 
that the valve on the feed-booster re- 
circulating line and the bypass to the 
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Time allowed 



Operation 



thermostatically controlled condensate re- 
circulating valve are open prior to securing 
each main feed pump. Secure one genera- 
tor, if possible. 

g. Secure steam to the whistle and to the siren. 

h. Obtain permission of the OOD and secure 

steering gear and IC under way circuits. 



00—10 When the steam pressure on the main steam line 

drops to 50 psi, secure the high-pressure drains on 
this line, and bleed down to zero pressure via the 
open-funnel drains to the low-pressure drain line. 
Secure the bulkhead stops and the crossover valves 
on the main steam line. 

00 — 15 Secure steam to the main air ejectors and to the second 



stage nozzle valves. When the vacuum on the main 
condenser drops to 10 inches, secure the gland seal- 
ing steam, the gland exhaust blower, and the con- 
denser. The evaporator watch should shift the 
first-effect coil drain. 



00 — 20 Shift to the electric lube oil pump (if installed). 

Secure the main lube oil cooler when the oil tempera- 
ture falls to 120° F. Cut in the cooler at intervals, 
as necessary, to maintain the oil temperature below 
120° F. 

00 — 30 When the main air ejector inter- and after-condensers 



are cool, secure the main condensate pumps. How- 
ever, if dehumidifiers are installed, condensate must 
be circulated until they have been secured. The 
dehumidifying units must be operated until the 
main reduction gear housing is within 10° F of the 
engineroom temperature. 
When the main condenser cools to 90° F, secure the 
main circulating pump. Close the main injection 
and the overboard valves. 

00 — 45 Check and secure all necessary drains on the high- 

pressure and low-pressure drain lines. Close the 
steam piping root valves for auxiliaries, so that 
condensate will npt collect in the piping sections. 
Operate the lube oil purifiers not less than one hour, 
and as much longer as is necessary to separate out 
all the water. 

01— 00 Secure all unused deck machinery, with permission of 

the OOD. 

Wipe down all secured machinery and floor plates. 
Clean all strainers. 
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Stop jacking the main engines. Secure the main lube 
oil pumps. 

02-00 Secure the stern-tube glands. 

Secure all unnecessary lights and vent blowers. 
Report the main engines secured to the engineer 
officer and the OOD. 

04-00 If dehumidifying units are installed on the main 

reduction gear casings, the auxiliary watch should 
continue to operate them for a total of four hours 
after the main engines are ordered to be secured. 
Concurrently, condensate must be circulated. 

Notes 

1. When entering port or maneuvering in restricted waters, the plant 

should be fully split at all times. 

2. When Special Sea Details are called away, the JV telephones 

must be manned immediately. 

3. Send this completed from to the engineering department by the end 

of the first auxiliary watch after securing. 

SUMMARY 

In order for the engineering department to function effi- 
ciently, the personnel concerned must maintain the ship's 
propulsion plant in a reliable condition, and must operate the 
entire plant at maximum efficiency. Machinery derange- 
ments may result from improper operation of equipment 
and/or machinery, lack of inspections, insufficient training, 
poor supervision, and inattentive watch standing. 

For maximum reliability and economy aboard ship, the 
associated engineroom and fireroom must be operated to- 
gether as one basic unit. In operating these spaces as one 
complete plant, the MMl or C in charge of the engineroom 
must be familiar with fireroom operation, safety precautions, 
and casualties that apply to the operation of the engineering 
plant. 

On a ship having no engineering officer on watch, the MMC 
in charge of the control engineroom assumes the duties of 
the engineering officer of the watch. Therefore, the MCC 
should possess a good understanding of the routine proce- 
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dures and regulations regarding the operation of the ship's 
propulsion plant. 

Engineering reliability may be promoted by maintaining a 
ship's machinery in satisfactory condition and operating the 
ship in accordance with good practice and procedures. The 
improvement in a ship's fuel economy depends largely upon 
the careful operation of the various plant units which con- 
sume power. This, in turn, depends upon the complete un- 
derstanding of both the function and the features of each 
unit, and the plant set-up involving each unit in combination 
with other units. All possible practical steps should be taken 
by the engineer's force to operate and maintain the engi- 
neering plant at maximum efficiency. 

The early posting of steaming orders is essential in getting 
a propulsion plant under way with a minimum of confusion. 
Remember that the control engineroom should take precau- 
tionary measures to ensure that all stations have been manned 
by the steaming watch. 

It should be noted that close cooperation between the en- 
gineroom and fireroom personnel is important when the plant 
is being lighted off or secured. The lowering and/or se- 
curing of the superheat requires close cooperation between 
the OOD, the control engineroom, and the fireroom ; this is 
particularly true on destroyers. 

If an engineering plant is to be operated as economically 
and efficiently as possible, none of the various safety factors 
can be overlooked. 

QUIZ 

1. What are the primary purposes of peacetime operation of naval 
ships? 

2. What is the primary cause of engineering troubles, such as 
improper operation of piping systems and malfunctioning of 
machinery? 

3. When will an MMC in charge of the control engineroom assume 
the duties of the engineering officer of the watch? 

4. During peacetime conditions, what is the objective of engineer- 
ing training in the fleet? 
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5. The numerical comparison of the amount of fuel oil used to the 
amount of fuel allowed for a certain speed, or steaming condition, 
is referred to as what ratio? 

6. When do most engineering casualties occur aboard ship during 
peacetime conditions? 

7. What 3 major factors should be considered in the economical 
operation of main turbines? 

8. How should the transfer of heat be minimized in a power plant? 

9. What are 3 factors which contribute largely to habitable condi- 
tions in the engineroom as well as to good economy? 

10. What is an over-all indication of an excessive feed water con- 
sumption rate? 

11. At sea 9 the tubes in steaming boilers should be blown how 
frequently? 

12. On small ships, what form is generally used as steaming orders? 

13. When should the MM1 or G in charge of the engineroom watch 
Inform the main engine control that his engineroom is manned 
and ready to light off? 

14 The efficient and safe operation of the engineering plant aboard 
ship depends to a great extent on the close cooperation between 
which personnel? 

15. What type of boiler is installed in destroyers, cruisers, battle- 
ships, and most carriers? 

16. What is the operating pressure range of the no control superheat 
boiler (not separately flred)? 

17. How much time is* required to raise steam to full pressure in 
the boilers? 

18. Under what conditions may a burner be lighted under the super- 
heater side, prior to cutting it in on the main steam line? 

19. In order to cut in the incoming boilers, without their super- 
heaters in operation, the temperature of the steam in the lines 
must be lowered to how many degrees? 

20. In securing boilers, when should tubes be blown? 

21. On small ships, who generally supervises the preparation for 
coming into port and the operations that occur? 

22. When will it be necessary to lower the maximum temperature of 
the superheated steam aboard a destroyer equipped with sepa- 
rately flred superheat control boilers? 

23. Superheat may be raised or lowered at what maximum rate? 

24. The difference between the superheater outlet temperature and 
the saturated steam temperature is known as what? 
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CHAPTER 





ENGINEERING CASUALTY CONTROL 

Engineering casualty control is concerned with the pre- 
vention, minimization, and correction of the effects of oper- 
ational and battle casualties to the machinery, electrical, and 
piping installations. Its mission is the maintenance of all 
engineering services in a state of maximum reliability, under 
all conditions. The first objective under this mission is the 
effective maintenance of propulsion machinery, auxiliary and 
electric power, lighting, interior and exterior communica- 
tions, fire control, electronic services, ship control, firemain 
supply, and miscellaneous services (heating, air condition- 
ing, and compressed air). Failure to provide all normal 
services will affect the ship's ability to function effectively 
as a fighting unit, either directly (by reducing its power) or 
indirectly (by reducing habitability and thereby lowering 
personnel morale and efficiency). The second objective — 
which will contribute to the successful accomplishment of 
the first — is the minimization of personnel casualties and of 
secondary damage to vital machinery. 

For detailed information you should familiarize yourself 
with the Engineering Casualty Control Book, the Damage 
Control Book, the Ship's Organization Book, and the Dam- 
age Control Bills. These publications may vary on different 
ships but in all cases they give the organization and the pro- 
cedures to be followed in case of engineering casualties, 
damage to the ship, and other emergency conditions. 
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FACTORS INFLUENCING CASUALTY CONTROL 

The basic factors influencing the effectiveness of engineer- 
ing casualty control are much broader than the immediate 
actions taken at the time of the casualty. Engineering 
casualty control reaches its peak efficiency by a combination 
of sound design, careful inspection, thorough plant mainte- 
nance (including preventive maintenance), and by effective 
personnel organization and training. Casualty prevention 

IS THE MOST EFFECTIVE FORM OF CA8UALTY CONTROL. 

Familiarity of Personnel With Plant Operation 

Thorough instruction in the proper and normal operating 
procedures is the foundation upon which instruction in 
casualty procedures should be based. Complete familiarity 
with normal operation should be gained by all personnel in- 
volved before any attempt is made to carry out simulated 
casualties. From the design viewpoint, full information 
upon which to base improved designs should be contributed 
by the operating forces. 

Influence of Design 

Sound design influences the effectiveness of casualty con- 
trol in two ways: (1) elimination of weaknesses which may 
lead to material failure, and (2) installation of alternate or 
standby means for supplying vital services in the event of a 
casualty to the primary means. 

Both of these factors are employed in the design of naval 
vessels. The second factor is carried out, in the case of 
individual units, by the installation of duplicate vital auxil- 
iaries; by the use of loop systems and cross connections; and 
by the installation of complete propulsion plants designed 
to operate as isolated units (split-plant design). 

Preventive Maintenance 

Preventive inspection and maintenance are vital to suc- 
cessful casualty control, since these activities minimize the 
occurrence of casualties by material failures. Continuous 
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detailed inspection procedures are necessary not only to dis- 
cover partly damaged parts which may fail at a critical time, 
but also to eliminate the underlying conditions which lead to 
early failure (maladjustment, improper lubrication, corro- 
sion, erosion, and other enemies of machinery reliability). 
Particular and continuous attention must be paid to the fol- 
lowing external evidences of internal malfunctioning : 

1. Unusual noises. 

2. Vibrations. 

3. Abnormal temperatures. 

4. Abnormal pressures. 

5. Abnormal operating speeds. 

Operating personnel should thoroughly familiarize them- 
selves with the temperatures, pressures, and operating speeds 
of equipment specified for each operating condition, in order 
that departures from normal operation will be more readily 
apparent. It must not be assumed that an abnormal read- 
ing on a gage, or other instrument recording operating con- 
ditions of machinery, is caused by an error in the gage. 
Each case should be investigated to establish fully the cause 
of the abnormal reading. The installation of a spare in- 
strument, or a calibration test, will quickly determine if an 
instrument error exists. All other cases must be traced to 
their source, if preventive maintenance is to be effective. 
Some specific examples of advanced warning of ultimate 
failure are outlined in the following paragraphs. 

Because of the safety factor commonly incorporated in 
pumps and similar equipment, considerable loss of capacity 
can occur before any external evidence is readily apparent. 
Changes in the operating speeds from normal for the existing 
load in the case of pressure-governor-controlled equipment 
should be viewed with suspicion. Variations from normal 
in chest pressures, lubricating oil temperatures, and system 
pressures are indicative of either inefficient operating proce- 
dures or poor condition of machinery. 

In cases where a material failure occurs in any unit, a 
prompt inspection should be made of all similar units to 
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determine if there is incipient danger of the same failure. 
Prompt inspection may eliminate a wave of repeated 
casualties. 

Abnormal wear, fatigue, erosion, or corrosion of a par- 
ticular part may be indicative of a failure to operate the 
equipment within its designed limits of loading, velocity, 
and lubrication, or it may indicate a design or material de- 
ficiency. In any of the above cases, special inspections to 
detect repeated damage should be undertaken as a routine 
matter, unless corrective action can be taken which will en- 
sure that such failures will not occur. 

Strict attention must be paid to the proper lubrication of 
all equipment, including frequent inspection and sampling 
to determine that the correct quantity of the proper lubri- 
cant is in the unit. It is good practice to make a daily check 
of samples of lubricating oil in all auxiliaries. Such samples 
should be allowed to stand long enough for any water to 
settle. Where auxiliaries have been idle for several hours, 
particularly overnight, a sufficient sample to remove all set- 
tled water should be drained from the lowest part of the oil 
sump. Replenishment with fresh oil to the normal level 
should be included in this routine. An unusual quantity of 
fresh water in the oil is normally indicative of either poorly 
fitted or worn carbon packing on turbine-driven pumpsi 
handling fresh water. 

Salt water may enter the oil from the salt-water pump 
glands, from the salt-water-cooled oil coolers, or from salt 
water dripping or spraying on the unit. The presence of salt 
water in the oil can be detected by drawing off the settled 
water by means of a pipette and by running a standard 
chloride test. A sample of sufficient size for test purposes 
can be obtained by adding distilled water to the oil sample, 
shaking vigorously, and then allowing the water to settle 
before draining off the test sample. Because of its corrosive 
effects, salt water in the lubricating oil is far more dangerous 
to a unit than is an equal quantity of fresh water. Salt water 
is particularly harmful in the case of units containing oil- 
lubricated ball bearings. Where such units are found to be 
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subject to salt-water contamination of the lubricating oil, 
it is essential to drain the oil as soon as possible, flush thor- 
oughly, and refill with fresh oil. 

CASUALTY CONTROL TRAINING 

Casualty control training must be a continuous step-by- 
step procedure with constant refresher drills. Realistic 
simulation of casualties must be preceded by adequate prepa- 
ration. The amount of advance preparation required is not 
always readily apparent unless care is exercised to visualize 
fully the consequences of any error which may be made in 
handling simulated casualties originally intended to be of 
a relatively minor nature. The simulation of major casual- 
ties and of battle damage must be preceded by a complete 
analysis and by careful instruction to all participants. A 
new crew must be given an opportunity to become familiar 
with the ship's piping systems and equipment, prior to simu- 
lating any casualty which may have other than purely local 
effects. 

In the preliminary phases of training, a "dry run" is a 
useful device for imparting a knowledge of casualty control 
procedures, without endangering the ship's equipment by 
too realistic a simulation of a casualty before sufficient ex- 
perience has been gained. Under this procedure, a casualty 
is announced, and all individuals are required to report as 
though action were taken (an indication must be made that 
the action was simulated). Definite corrective action mo- 
tions can be made, and with careful supervision the timing 
of individual actions can appear to be very realistic. Re- 
gardless of the state of training, such dry runs should always 
be carried out before any actual attempt is made to simulate 
realistically any involved casualty. Similar rehearsals 
should precede relatively simple casualties whenever an 
appreciable proportion of men, new to the ship, are involved, 
and particularly after an interruption of regularly conducted 
casualty training (such as is occasioned by periods of naval 
shipyard overhauls). 
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PROMPT CORRECTION OF CASUALTIES AND OPERATION 
OF DAMAGED EQUIPMENT 

The speed with which corrective action is applied to an 
engineering casualty is frequently of paramount importance. 
This is particularly true when dealing with casualties which 
affect the propulsion power, steering, and electrical power 
generation and distribution. If casualties associated with 
these functions are allowed to become cumulative, they may 
lead to serious damage to the engineering installation- 
damage which often cannot be repaired without loss of the 
ship's operating availability. Where possible risk of perma- 
nent damage exists, the CO has the responsibility of deciding 
whether to continue operation of equipment under casualty 
conditions ; and such action can be justified only where the 
risk of even greater damage, or loss of the ship, may be in- 
curred by immediately securing the affected unit. For ex- 
ample, an entire plant with abnormal salinity present could 
be operated to enable the ship to steam clear of an area of 
possible enemy attack. However, all possible steps must be 
taken to shorten the period of hazardous operation. 

It is reemphasized that whenever there is no probability 
of greater risk, the proper procedure is to secure the mal- 
functioning unit as quickly as possible even though consider- 
able disturbance to the ship's operations may occur. 
Although speed in controlling a casualty is essential, action 
should never be undertaken without accurate information; 
otherwise the casualty may be mishandled, and irreparable 
damage and possible loss of the ship may result. War ex- 
perience has shown that the cross-connecting of intact plants 
with a partly damaged one must be delayed until it is certain 
that such action will not jeopardize the intact plant. Speed 
in the handling of casualties can be achieved only by a thor- 
ough knowledge of the equipment and associated systems, 
and by thorough and repeated training in the routine 
required to handle specific predictable casualties. 
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PHASE NATURE OF CASUALTY CONTROL 

The handling of any casualty can usually be divided into 
three phases : limitation of the effects of the damage, emer- 
gency restoration, and complete repair. 

The first phase is concerned with immediately controlling 
the casualty so as to prevent further damage to the unit con- 
cerned and to prevent the casualty from spreading through 
secondary effects. 

The second phase consists of restoration, in so far as prac- 
ticable, of the services which were interrupted as a result 
of the casualty. In many cases, the completion of this phase 
eliminates all operational handicaps, except for the tempo- 
rary loss of standby units — i. e., ability to withstand further 
failure. If no damage to, or failure of, machinery has 
occurred, this phase usually completes the operation. 

The third phase of casualty control consists of making 
repairs which will completely restore the installation to its 
original condition. 

SPLIT-PLANT OPERATION 

The fundamental of engineering damage control is split- 
plant operation. It follows the wisdom of the old proverb 
of "not putting all your eggs in one basket," and its pur- 
pose is to minimize the damage that can be done by any one 
hit. 

Most naval vessels built primarily as warships have at 
least two engineering plants. The larger combatant ships 
have four individual engineering plants. 

Split-plant operation means dividing your boilers, engines, 
pumps, and other machinery so that you have two or more 
engineering plants, each complete in itself, and each operat- 
ing its own fuel oil pumps and source of supply. Each tur- 
bine installation is equipped with its own condenser, air 
ejector, lubricating oil pump, and other auxiliaries. Each 
engineering plant operates its own propeller shaft. Then, if 
one pair of boilers, or one turbine, is put out of action by 
explosion, by shellfire, or by flooding, the other plant could 
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probably continue to drive the ship ahead, though at some- 
what reduced speed. 

Split-plant operation applies to all piping and electrical 
systems aboard ship. Split-plant operation is not a good 
luck charm against damage that would completely immobi- 
lize the entire engineering plant; but it does reduce the 
chances of such a casualty, and prevents an injury to one 
plant from being transmitted to another, or from seriously 
affecting its operation. Thus, if you were not operating 
split-plant and a shell ruptured the main steam line to the 
forward turbine, you would lose steam from all the boilers. 
If you were operating split-plant, you would lose steam from 
only one set of boilers. 

Know Your Split Plant In the Event of Casualty 

Split-plant operation is only the first of the important 
steps to be taken in the prevention of major engineering 
casualties. Other steps must be taken immediately when a 
casualty occurs. Failure on your part to understand the 
full meaning of split-plant operation may be the cause of 
unnecessary casualties. 

The following example shows how lack of understanding 
caused heavy damage to a ship's main engine. The ship was 
operating with the plant split, when one boiler lost feed 
water. The Boilerman on watch, in the process of handling 
the low- water casualty, secured the bulkhead steam stops of 
both boilers. By so doing, he cut off all steam to one engine- 
room, including the steam supply to the auxiliary machinery. 
The lubricating oil pump stopped, with the engine still turn- 
ing over from the drag; as a result, the main engine bear- 
ings wiped, and the turbine blading was ruined. 

In analyzing engineering casualties where more than one 
unit of machinery, equipment, or system is involved, it has 
been found that the damage resulting from the casualties was 
caused by several mistakes. In general, this means that any 
one corrective step taken out of a possible 2 or 3 steps would 
have prevented the final damage. In the previous engineer- 
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ing casualty just discussed, the following actions should have 
been taken : 

1. The Boilerman should have closed only the stop valves 
to the boiler that had the low water casualty. This action 

WOULD HAVE PREVENTED THE TURBINE CASUALTY. 

2. The Machinist's Mate should have cross-connected the 
auxiliary steam line, and the other systems, to the other plant. 
This action would have prevented the turbine casualty. 

3. The shaft-driven lube oil pump should have been tested 
and maintained in a satisfactory operating condition. (If 
no such pump was installed, a shaft-driven lube oil pump 
should have been installed.) This action would have pre- 
vented THE TURBINE CA8UALTY. 

This one casualty is given as an example; several other 
types of engineering casualties, resulting from two or three 
mistakes made simultaneously, have occurred aboard ships. 

Split-plant operation should be maintained as long as it 
is advantageous for the ship's safety and operation. In cer- 
tain cases, it may be better to cross-connect in order to give 
the ship maximum speed or maneuverability to overcome or 
minimize a casualty. 

Fuel Oit System 

The fuel oil system is generally arranged so that suction 
can be taken from any fuel oil tank and the oil pumped to 
any other fuel oil tank ; this is accomplished by means of the 
fuel oil booster and transfer pumps. Fuel oil service pumps 
are used to supply oil from the service tanks to the boilers. 
In split-plant operations the forward fuel oil service pumps 
of your ship are lined up with the forward service tanks, and 
the after service pumps are lined up with the after service 
tanks. The cross-connection valves in the fuel oil transfer 
line must be closed except when oil is being transferred. 

The main reason for securing the fuel oil cross-connecting 
lines is to prevent major casualties. For example, if all the 
boilers received fuel oil from the same service tanks and the 
tanks were ruptured by a torpedo or by a near miss bomb, the 
results would be disastrous. The entire fuel oil system would 
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become contaminated with salt water, the fires under the boil- 
ers would go out, and your ship would stop dead in the water. 

Some ships are provided with sluicing valves that make 
it possible to sluice oil (or water) from one side of the ship to 
the other. These sluicing valves must be kept closed at all 
times except when fueling the ship, transferring fuel oil, 
and taking on fresh water. Therefore, if the ship is dam- 
aged, the liquid cannot sluice across to the low side. This 
helps to control stability at a time when it is most needed. 
All fuel oil tank manifold valves are closed except when 
they are in actual use. This precaution will prevent fuel 
oil (or sea water) from flowing from tanks on one side 
of the ship to the other side — an essential precaution when 
a damaged ship has a heavy list on it. 

Many fuel oil service tanks are provided with both upper 
and lower suction connections. Inasmuch as water is heav- 
ier than oil it tends to settle to the bottom of the tanks ; and, 
as a certain amount of water is not uncommon in oil, it is 
safer to use the upper suction when steaming under battle 
conditions. Precautionary steps should be taken by the 
Boilermen to see that standby fuel oil tanks and pumps are 
ready for immediate use. 

Feed Water System 

During split-plant operation, the main feed system (in- 
cluding the main condensate system) may be divided into two 
or more separate and complete systems. In other words, 
each engineering plant would be provided with an indi- 
vidual main feed system. In splitting the plant, keep 
the pressure from as much of the feed system as possible. 
This reduces the area subject to casualties. The emergency 
feed pumps should be kept warmed up and in a standby 
condition, ready to supply feed water to the boilers if the 
main feed and booster pumps suffer casualty, or if there is 
a delay in cross-connecting the main feed system. Emer- 
gency feed pumps are so connected that they can take either.a 
a hot suction" from the booster pumps or a "cold suction" from 
the reserve feed tanks. 
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Main Steam System 

The main steam system varies somewhat on the different 
types of ships. Smaller types of ships may have the for- 
ward and the after system cross-connected to form a com- 
plete system throughout the enginerooms and firerooms, 
whereas larger types of ships* have independent forward and 
after systems. The method of supplying steam to the pro- 
pulsion turbines, however, remains essentially the same. On 
small combatant ships the main steam system is split fore 
and aft to form two separate systems. On large combatant 
ships there are no main steam .connections between the two 
forward and the two after plants, and the main steam is 
split ath wartships ; this gives a total of four separate main 
steam systems. Valves are also provided at strategic points, 
such as at bulkheads and at the boilers, to permit effective 
isolation in case of damage. 

The principle of split-plant operation applies to Diesel- 
electric plants as well as to steam plants. Unfortunately, it 
does not apply to many auxiliary vessels, because most of 
them have but one engineroom. 

ENGINEROOM CASUALTIES 

For each class of ship, the type commander formulates 
engineering casualty procedures which are applicable to the 
specific type of engineering plant. However, BuShips rec- 
ommends general procedures for the control of typical en- 
gineroom casualties. 

Propulsion and Auxiliary Machinery 

In the event of a casualty to a component part of the pro- 
pulsion plant, the principal doctrine to be impressed upon 
operating personnel is the prevention of additional or major 
casualties. Under normal operating conditions, the safety of 
personnel and machinery should be given first consideration. 
Where practicable, the propulsion plant should be kept in 
operation by means of standby pumps, auxiliary machinery, 
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and piping systems. The important thing is to prevent minor 
casualties from becoming major casualties, even if it means 
suspending the operation of the propulsion plant. It is better 
to stop the main engines for a few minutes than to put them 
completely out of commission, so that major repairs are 
required to place them back into operation. In case a casualty 
occurs, the officer or CPO in charge of the watch should be 
notified as soon as possible ; he in turn must notify the OOD 
if there will be any effect on the ship's speed or on the ability 
to answer bells. 

J ammed Throttle. If the ahead throttle valve jams open, 
close the guarding valve or the main line stop valve. To 
remedy the situation in an extreme emergency, the astern 
throttle may be used. 

If the astern throttle valve jams open, close the line stop 
valves. To remedy the situation in an extreme emergency, 
open the ahead throttle. If necessary, the ship can be oper- 
ated by means of the guarding valve. 

Loss or Steam Pressure in the Engineroom. In the 
event of a loss of steam pressure, the following action should 
be taken : 

1. Close the main throttle and trip the turbogenerator to 
prevent the main steam pressure from dropping below the 
designated minimum operating pressure, normally about 75 
percent of the rated pressure. If the electrical load is split, 
the bus tie between the two main switchboards must be closed 
immediately, pending supply of steam to the turbogenerator 
from the other plant. 

2. Open the main and the turbogenerator steam cross 
connections. 

3. Open both auxiliary steam cross-connection valves. 

4. Secure the boiler stop valves. 

5. Shift to electrical auxiliaries as desired. 

Locking and Unlocking of Shaft Under Way. In lock- 
ing the shaft, the following action should be taken : 

1. Stop the main shaft by means of the astern turbine. 

2. Slow ship's speed to one-half full power speed or less, 
if necessary, or to the designated locking speed. 
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3. Engage the turning gear at locking shaft speed, and 
immediately apply the brake. 

4. Note the astern steam pressure and the ship's rpm on 
the other shaft (s), when the shaft is held stationary for 
locking. 

5. Close the astern throttle slowly. 

In unlocking the shaft, the following action should be 
taken: 

1. Reduce the temperature of the main steam as much as 
practicable. 

2. Bring the ship to the same speed (rpm) at which the 
shaft was locked. 

3. Open the astern throttle until the same astern steam 
pressure, used when the shaft was locked, is obtained. 

4. Disengage the turning gear immediately. (It may be 
necessary to adjust the astern throttle pressure slightly in 
order to disengage the turning gear. The turning gear brake 
may then be released.) 

5. Slowly close the astern throttle. 

6. Open the ahead throttle slowly and continue under 
way. 

Caution. If the shaft has been locked for more than 5 
minutes, the turbine rotor may become bowed. In this case 
follow the procedure outlined in chapter 3, "Main Reduction 
Gears," of this training course. 

Vibration. If the turbine begins to vibrate, the follow- 
ing action should be taken : 

1. Slow the turbine and reduce the superheat temperature. 
A rumbling noise probably indicates the presence of water in 
the casing, either from boiler priming or from inadequate 
casing drainage. 

2. If the turbine has been standing more than 5 minutes 
without being spun, it is probable that the rotor has bowed 
temporarily. Usually a brief slowing of the turbine will 
permit the rotor shaft to straighten. 

If the shaft vibrates EXCESSIVELY, the following action 
should be taken : 
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1. Slow the engine. Speed up the other engine to main- 
tain speed. 

2. If vibration continues, slow all engines until the cause 
of the trouble can be determined. 

3. Inspect the main shaft bearings and the bulkhead stuff- 
ing glands. 

4. If feasible, investigate the propeller, the fairwaters, 
and the rope guards. 

5. If vibration continues and is excessive at required 
speeds, stop the shaft and lock it. 

Noises. In the event of a metallic noise in the turbine, 
the following action should be taken : 

1. Stop the turbine. 

2. Lock the shaft and do not operate until the cause of 
the noise has been determined and remedied. 

In the event of an unusual noise in the reduction gear 
and if tooth failure is not probable, the following action 
should be taken : 

1. Slow the engine immediately, and stop it if the noise 
persists. 

2. Check the oil discharge pressure, the temperature of 
the bearings, and the operation of oil sprays; check the 
strainers for the presence of babbitt or foreign matter. 

If a loud or roaring noise is heard, proceed to (1) stop 
the engine and check the shaft immediately, and (2) lock the 
shaft and as far as the ship's operations permit, make a pre- 
liminary investigation. 

Hot Bearings. If the turbine bearings are hot, the follow- 
ing action should be taken : 

1. Check to see that there is a proper amount of oil dis- 
charge from the cooler, and an adequate supply to the bear- 
ings. 

2. Slow the engine, if necessary, to maintain a bearing 
temperature within the limit defined by the manufacturer, 
or as experience dictates. 

3. Place burlap or rags over the top of the bearing hous- 
ing, and run a slow stream of salt water over the housing. . 



Care should be taken that the water is not splashed into the 
oil or into the gland sealing systems. 

In the case of reduction gear bearings, do not operate 
gears, except in an emergency, until the bearings have been 
examined. Wiped bearings would permit pinion or shaft 
misalignment, and thereby result in uneven wear of the gears. 

If the TURBINE OR SHAFT BEARING BECOMES OVERHEATED, the 

following treatment is recommended : 

1. Once the bearing temperature has been reduced from 
the critical range by methods listed under turbine bearings, 
above, proceed at a speed that will keep the bearing tempera- 
ture satisfactory. 

2. If the bearing has not dropped sufficiently to damage 
the turbine shaft packings, thus allowing the shaft to whip 
or transfer an excessive load to adjacent shaft bearings, pro- 
ceed at moderate speeds for the minimum period necessary 
to permit renewal of the bearing. 

3. If the bearing damage is believed to be greater than 
assumed above, turn over the shaft at a minimum speed to 
prevent the bearing from freezing. Then stop and lock the 
shaft. Continue operation of the forced lubrication system. 

4. Operate the lubricating oil purifier continuously to re- 
move any flakes of babbitt, or other foreign matter, which 
might become entrained in the oil system. 

Cruising Turbine Out of Commission. If the cruising 
turbine doesn't operate properly, the following action should 
be taken : 

1. Disconnect the cruising turbine. 

2. Insert the locking device. 

3. Secure the valves, gland seal, gland leak-off, and drains 
of the cruising turbine. 

Loss of Vacuum. The major causes for a loss of vacuum 
are as follows : 
1. Excessive air leakage into the vacuum system : 

a. Insufficient gland sealing steam 

b. Vent valve on idle condensate pump open 

c. Loop-seal filling valve open 

d. Bypass valve on drain tank open 
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e. Drain tank float valve stuck open 

f . Taking make-up feed from empty feed bottom 

g. Leakage of flanges, fittings, or valve stem packings 
under vacuum. 

2. Improper functioning of the air-removal equip- 
ment: 

a. Insufficient steam to the air ejectors 

b. Foreign matter lodged in the air ejector nozzle ( s) 

c. Erosion of the air ejector nozzle, as a result of low- 
ered vacuum over a period of time. 

3. Improper drainage of condensate from the con- 
denser : 

a. Low speed of condensate pump, indicating malfunc- 
tioning of the pump's speed-limiting governor 

b. Condensate pump air-bound because of the vent 
connection from the first stage being closed or not 
opened wide. 

4. Insufficient flow of circulating water : 

a. Improper adjustment of the overboard discharge 
valve (the main injection valve being wide open 
whenever the condenser is under vacuum) 

b. Inadequate speed of the main circulating pump 

c. Plugged tubes, resulting from mud, shells, small 
fish, or kelp being trapped against the injection 
strainer bars or in the inlet water chest 

d. Air trapped in condenser. 

5. High injection temperature : 

Basically, the injection temperature limits the maximum 
vacuum (minimum absolute pressure) obtainable in a specific 
plant, assuming the condenser, associated equipment, and 
piping under vacuum to be clean and properly operated. 

Leak in Condenser. If there is a minor leak in the con- 
denser and the ship's prospective arrival time is less than 
24 hours, continue operating the affected shaft. Isolate the 
condensate system, limit the number of boilers on the engine 
involved, and blow down the boiler(s) as necessary to keep 
the boiler salinity within the specified limit. 
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However, if the leak is serious, the following action should 
betaken: 

1. Stop the engine. 

2. Shift drains, auxiliary exhaust, and turbogenerator 
exhaust to the auxiliary condenser. 

3. Retain the main lubrication oil system in operation, 
and proceed on the other engine. 

4. Test the condenser and plug the leaking tube(s). 
Stoppage op Cooling Water to Auxiliaries. If the 

cooling water to the auxiliaries fails, the following action 
should be taken : 

1. Take cooling water from the firemain, and start 
pump(s) as necessary. 

2. Cross-connect the independent cooling water system, if 
provided. 

3. Use a handy billy and hose, if other means fail. 

F««d Water System 

In this chapter, discussion of feed water system casualties 
is limited to the deaerating feed tank and to the empty feed 
bottom in use for make-up feed. 

Casualty to Deaerating Feed Tank (DFT). In the 
event of a casualty to the deaerating feed tank and if steam- 
ing split-plant with all deaerating feed tanks in use, the fol- 
lowing action should be taken : 

1. Open the crossover valves in the condensate system, 
the main feed system, the auxiliary exhaust steam line, the 
high-pressure drains, and the fuel oil heater drains to the 
associated plant. 

2. Secure the main feed and the booster pumps. 

3. Secure the exhaust steam to the DFT. 

4. Secure the high-pressure drains to the DFT. 

5. Secure the fuel oil heater drains to the DFT. 

6. Secure the condensate discharge valve to the DFT. 

7. Secure the recirculating system and all the vent valves 
on the DFT. 

If steaming with a cross-connected plant with one deaerat- 
ing feed tank in use, the following action should be taken : 
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1. Start the standby main feed and the booster pumps 
in the opposite engineroom. 

2. Secure the main feed and the booster pumps in the 
engineroom having the casualty to the DFT. 

3. Secure the exhaust steam to the DFT and route it to 
the opposite DFT. 

4. Secure the high-pressure drains, and route them to the 
opposite DFT. 

5. Secure the fuel oil heater drains, and route them to 
the opposite DFT. 

6. Secure all the vent and the recirculating valves on the 
DFT. 

7. Secure the condensate discharge to the DFT, and dis- 
charge it into the opposite DFT. 

8. Open the vent on the DFT in use for feed, and shift 
make-up feed to that engineroom. 

Deaerating Feed Tank Water Level Drops During 
Steady Steaming. If a decrease in the deaerating feed tank 
water level is noted during steady steaming, proceed as 
follows : 

1. Check the condensate pump for operation. 

2. Check to see that the manually operated recirculating 
valves are closed. (On a ship equipped with a bypass regu- 
lating valve around the air ejector unit, check the automatic 
valve for proper operation.) 

3. Check the water level in the main condenser. Start 
the standby condensate pump, if the water level is too high. 

4. Check the other engineroom for make-up or excess 
feed water conditions. 

5. Take on the make-up feed gradually. 

Empty Feed Bottom in Use for Make-Up Feed. The 
following action should be taken with an empty feed bottom 
in use for make-up feed : 

1. Shift to another reserve feed tank for make-up feed. 

2. Refill the empty feed tank by any of the following 
methods : 

a. Distill to the empty feed tank. 

b. Line up the emergency feed pump to take a cold 
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suction from the opposite tank, and discharge to the 
empty tank. 

c. Start the emergency feed pump in the other fire- 
room, taking suction from the reserve feed tank 
which is lined up for cold suction, and discharge to 
the empty reserve feed tank in the other fireroom. 

d. Open the condensate discharge cross connection and 
make-up feed in the other engineroom. 

e. Open the excess- feed line to the empty reserve feed 
tank, or open the drain from the DFT to the empty 
reserve feed tank. 

f. Open the feed booster cross connection, and take 
make-up feed in the other engineroom. 

g. Open the excess- feed line to empty the reserve feed 
tank, or open the drain from the DFT to the empty 
reserve feed tank. 

h. Line up the emergency feed pump to discharge to 
the condensate discharge cross-connection system. 

Lubricating System 

It must be impressed on all operating personnel concerned 
with the ship's lubrication system that even a momentary loss 
of flow of lubricating oil will result in localized overheating 
and probable slight wiping of one or more bearings. Such 
wiping may result in only a momentary rise in the tempera- 
ture of the lubricating oil discharge from the bearing (s). 
Damage can be prevented or minimized by stopping the shaft 
rotation and quickly restoring the lubricating oil flow. Con- 
tinued operation with wiped bearings will cause serious de- 
rangement to the shaft packings, oil seals, and blading. 

Loss or or Low Lube Oil Pressure. Operating personnel 
must thoroughly understand the precautions and the proce- 
dures to prevent low lubricating oil pressure. 

Loss of lubricating oil pressure may be caused by : 

1. Failure of the system itself, including the main lubri- 
cating oil pumps. 

2. Failure of steam or electrical power supply to the main 
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lubricating oil pumps ; or damage to boilers, to steam lines, 
or to electrical equipment. 

Failure to component parts of the lube oil system may be 
caused by the presence of dirt, rags, or other foreign matter 
resulting from improper cleaning. Failure of the system 
may be caused by a piping failure, by a failure of the operat- 
ing pump, or by failure of the standby pump to start. 
Standy pumps should be maintained ready to start the mo- 
ment the pressure drops below the prescribed operating 
range. If automatic starting devices are not available on 
steam-driven pumps, the pumps must be lined up so that 
opening the throttle is the only action required to start the 
pumps. Steam supply lines to standby pumps should be 
drained continuously. Where electrical pumps are installed, 
personnel must be thoroughly familiar with alternate sources 
of power. 

Loss of steam pressure resulting from battle damage may 
be unavoidable. Split-plant operation is prescribed when 
maximum damage control is required to prevent total loss 
of power; therefore, cross-connection valves between split 
plants must not be opened until the damage is isolated. 

Complete loss of steam pressure resulting from operational 
casualties, such as low water in boilers or water in the fuel 
oil, usually can be prevented by the throttleman closing the 
throttle as soon as possible and by securing the auxiliary 
machinery that is not required. In this way there will be a 
conservation of available steam for the lubricating oil pumps 
and for the vital auxiliary machinery. In addition, time 
will be provided to open the cross-connection valves. 

The general procedure for low lubricating oil pressure is as 
follows : 

1. Upon failure of the oil pressure, immediately stop 
the affected shaft and simultaneously endeavor to regain 
lubricating oil pressure. 

2. If steam pressure is available, stop the shaft by using 
the astern throttle. Engage the jacking gear and apply 
the brake. If the speed is in excess of one-half full power 
speed, stop the shaft by means of the astern turbine, 
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slow down the ship to a safe speed, and then lock the shaft. 
Listen for, and endeavor to locate, the source of any unusual 
or abnormal sounds. After the affected shaft is secured, the 
ship's speed may be increased to the limit for locked shaft 
operation. 

3. If steam pressure is lost in one engineroom during split- 
plant operation, and unless the tactical situation positively 
prevents, take way off the ship by backing the other en- 
gine (s). Concurrently determine the nature of the casualty 
causing the loss of steam. 

a. If a loss of steam pressure in an engineroom will 
not cause a loss of steam to the other plant, open 
the auxiliary and the main steam cross-connections 
immediately. 

b. If damage causes a loss of steam to the other plant, 
isolate the damage and then open the auxiliary and 
the main steam cross connections as soon as possible. 

c. Stop and lock the affected shaft as soon as steam is 
available. 

4. Concurrently, make every effort to regain the lubricat- 
ing oil pressure : 

a. Check the lubricating oil pump in use. 

b. Start the standby pump (if it is not in operation). 

c. Shift the duplex strainers. 

d. Check the sump level. If low, replenish oil. 

e. Locate and repair any leaks. 

5. Concurrently with the above steps, inspect all bearings 
and endeavor to determine which have been overheated. Do 
not rely on thermometers alone (a thermometer may have 
indicated only a slight, momentary rise) . 

6. Secure gland sealing steam and the main air ejectors to 
minimize main turbine rotor distortion. 

7. Inspect and clean the lubricating oil strainer basket 
not in use. Note whether flakes of bearing metal are present 
in the strainer. 

8. Start the lubricating oil purifier, if it is not already in 
use. 
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9. Continue circulation of the lubricating oil until the 
bearings are sufficiently cool for inspection. Circulate oil 
at all times, except when inspecting bearings, so that lubri- 
cation will be provided if the shaft-locking gear should fail. 

10. Take bearing-wear micrometer readings of all bear- 
ings and of axial clearances where means are provided. 

11. Proceed with the inspection of the bearings. Raise 
bearing caps and roll out shells. The inspection must be 
as thorough as circumstances will permit, weighing the im- 
portance of subsequent reliable performance against the time 
required to inspect suspected bearings. 

12. It is possible that the bearing trouble is isolated and 
only one or a few bearings are wiped. It is realized that, 
immediately following a machinery derangement, a thorough 
examination of the main reduction gear bearings may be 
impracticable; however, the following information should 
be considered when such a casualty is being investigated : 

a. The oil strainer basket in use should be examined for 
the presence of babbitt flakes. 

b. All turbine and cruising reduction gear bearings 
should be thoroughly inspected. (In the event of 
loss of oil pressure, the cruising reduction gear bear- 
ings are the first to be damaged.) 

c. The main reduction gear bearings can be divided into 
3 groups, in accordance with the rotational speed of 
the journals and the probability of the bearings be- 
coming wiped. The rotational speed of the two 
high-speed pinions is the same as that of the respec- 
tive turbine rotors. The speed of the bull gear shaft 
is the same as that of the propeller shaft. The speed 
of the 4 intermediate speed gear and pinion assem- 
blies is, approximately, one-half the speed of the 
low-pressure turbine rotor. 

d. The high-speed pinion and the intermediate-speed 
pinion bearings of the main reduction gear should be 
examined, through the inspection openings, for pos- 
sible flow of babbitt from the bearings. 
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e. Reduction gear bearing thermometers should be 
loosened to check for oil flow from the wells. Ab- 
sence of oil flow from the well, with the thermometer 
removed, indicates that the bearing may be wiped to 
the extent that the oil passage to the thermometer 
has been closed. When such a condition exists, a 
below-normal reading would be shown by the ther- 
mometer when the shaft is operating. Also there 
may be a stoppage of oil to the bearing. 

f. If the turbine bearings are found to be in good con- 
dition, it can be assumed that the main reduction 
gear bearings are also in good condition. 

g. If a partial examination of the main reduction gear 
bearings shows no indication of wiping and only the 
cruising turbine bearings are found to be wiped, the 
main reduction gear bearings may be assumed to be 
undamaged. The shaft may be operated at the mini- 
mum speed which the tactical situation will permit 
until such time as a thorough examination of the 
main reduction gear bearings can be made by a re- 
pair activity. 

h. If several of the bearings for the high-pressure tur- 
bine, and (especially) the low-pressure turbine, are 
found to be wiped, it is likely that the high-speed 
pinion bearings for the main reduction gear are also 
wiped. The shaft should not be operated until the 
high-speed pinion bearings have been thoroughly 
examined. If these bearings are wiped, then the 
intermediate-speed gear and pinion bearing should 
be inspected. Whenever possible, these inspections 
and repairs should be made at a naval shipyard. 

The above information applies when the lubricating oil 
pressure of the entire system is lost. However, if it is noted 
that a bearing is overheated because of local loss of oil or 
presence of foreign matter, and it becomes necessary to shut 
down the turbine, it should be slowed down, and kept turning 
over at a slow speed, until the bearing and journal have 
cooled sufficiently. If the shaft motion is stopped quickly, 
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the bearing metal may freeze to the shaft and make repairs 
much more difficult. 

Cooler Tube Cabbies Away. The action to be taken is as 
f ollow8 : 

1. If it is permissible to reduce speed, bypass the cooler; 
operate at speeds below the critical bearing temperature; 
and strike down oil from the storage tank to the sump in 
order to restore the working level. 

2. If it is not permissible to reduce speed sufficiently, or 
if the oil leak is not serious and there is an adequate supply 
of oil on board, increase the lubricating oil pressure so that 
oil will leak into the waterside of the cooler rather than vice 
versa ; and pump make-up oil into the sump tank. 

Lube Oil Leak Into Engi neroom. The action to be taken 
is as follows : 

1. If it is not permissible to secure the engine, plug or 
patch the leak so as to stop oil loss and prevent a fire hazard 
from being created. 

2. Inspect the sump oil level, and strike down make-up 
oil as necessary. 

High Oil Level in Reduction Geab Sump. The action 
to be taken is as follows : 

1. Obtain permission from the OOD to slow the engine. 

2. Pump down the sump tank to the proper level. 

3. Determine the cause and correct the trouble. 
Excessive Oil Pump Discharge Pressure. The action to 

be taken is as follows : 

1. Inspect the constant pressure pump governor for 
proper operation. 

2. Inspect the strainer and all parts of the lubricating oil 
system for restrictions of oil flow. (See articles 45-86 and 
45-87 of BuShips Manual.) 

FIREROOM CASUALTIES AND THE MM1 OR C 

As an MM1 or C, you will be concerned with various fire- 
room casualties. In general, the Boilerman is responsible 
for taking the necessary steps to control fireroom casualties. 
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However, it will become necessary for the Machinist's Mate 
to take proper procedures to control the casualties which 
have a direct effect upon the operation of the engineroom. 
Close cooperation between the engineroom and the fireroom 
is necessary for the most efficient handling of engineering 
casualties. 

In all cases, the Boilerman will notify the engineroom of 
the fireroom casualties. The necessary action that must be 
taken will be based on the report given by the Boilerman. 

If the Boilerman notifies the engineroom that there is oil 
in the fuel oil heater drains, the Machinist's Mate should 
immediately check to see if oil has carried through to the in- 
spection tank. If any oil has carried through, the inspection 
tank drain should be shifted to the bilges until the drains 
are clear of oil. 

The Boilerman's first action would be to shift the drains 
to the bilges and shift to another fuel oil heater. When the 
drains are clear, he will shift the fuel oil heater drains back 
to the drain line. Any oil in the drain system will be carried 
through to the engineroom. When the fuel oil heater drain 
inspection tank has cleared up, the Machinist's Mate will 
shift his drains to the drain line. 

If the Boilerman informs the engineroom that the salinity 
of the boilers is excessively high and that the boilers may 
be receiving feed water which has a high salinity content, 
the Machinist's Mate should immediately check such sources 
of salt contamination as may be his responsibility. 

The most prolific source of contamination of water in the 
boilers is the leakage of salt water into the feed water system. 
Leakage may occur in the following parts of the system : 

1. Condensers, main, auxiliary, and dynamo. 

2. Salt- water-cooled air ejector condensers. 

3. Distilling plants. 

4. Salt- water-cooled gland exhaust condensers. 

5. Leaky feed suction and drain lines which run through 
the bilges. At times, open funnel drains are an unsuspected 
source of salt-water entry. 
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If the Boilerman notifies the engineroom that it is neces- 
sary to blow down the boilers in order to reduce salinity, the 
Machinist's Mate should see that water is added to the 
deaerating feed tank. This water should be added slowly in 
order to maintain the exhaust pressure and the temperature 
of the deaerating feed tank. Then the Boilerman should 
cautiously take on water for the blow- down ; an excess open- 
ing of the feed check valves may affect the discharge pres- 
sures of the main feed and booster pumps. The water level 
in the deaerating feed tank must be watched very closely. 
Before the water level of the tank gets too low, the fireroom 
should be notified to cease blowing down the boiler. The 
amount of reserve feed water that is available for blow-down 
purposes should be estimated. When this water has been 
used, the blow-downs should be discontinued. A sufficient 
supply of water must be held in reserve for the operation of 
the ship. 

If it is impossible to maintain the salinity content of the 
boiler water within the specified range, it may be necessary 
to limit the firing rate in order to prevent carryover. 

In the case of the fireroom casualty, high water in the 
boiler, the Machinist's Mate should close the main throttle, 
stop the shaft, and trip the turbogenerator. The source 
of auxiliary and turbogenerator steam must be shifted. The 
above procedures should be performed simultaneously. The 
Boilerman will close the feed check valve and secure the 
burners and the air supply. He will also close the main, the 
turbogenerator, and the auxiliary steam boiler stop valves. 
The closing of the feed check valve will probably call for 
immediate attention to the main feed and to the booster 
pumps. After the Boilerman has secured the boiler (s) 
he will blow the water down to the designed level, relight 
the boiler, and cut in. 

Should high water occur on all the boilers furnishing steam 
to a particular plant while the ship is steaming split-plant, 
the situation will call for immediate cross-connecting. 

If the shaft was locked to prevent rotation, see that no 
unusual noise exists when placing the plant back in service. 
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In turbogenerators, it is particularly true that priming re- 
sults in slugs of water entering the turbine. This may 
cause failure of a thrust bearing. 

The failure of a forced draft blower may be serious, 
depending upon the existing conditions. If two blowers 
arc in use and the speed of the ship is high, it will be necessary 
to slow down in the event that one blower fails. If only one 
blower is in use, its failure will necessitate the securing of 
the boiler until another blower can be started. 

When there is loss of fuel oil suction to the steaming boil- 
ers, the steps to be taken to correct this casualty depend upon 
the existing conditions (whether steaming cross-connected 
or split-plant). If steaming split-plant, you should cross- 
connect immediately. The Boilerman will immediately 
secure all boilers of the affected plant. Having secured the 
boiler stops, he will need steam from another plant in order 
to operate the forced draft blower and the fuel oil service 
pump. After a satisfactory fuel oil suction has been picked 
up, the Boilerman will relight and cut in on the line. Then 
the plant can be split just as it was originally. 

In steaming cross-connected on one fireroom, the above- 
mentioned casualty is more serious. The main throttles 
should be secured immediately. The Boilerman must see 
that at least one of the boilers is cut in on the auxiliary 
steam line. This is necessary in order to obtain steam for the 
forced draft blower, for the fuel oil service pump, and for 
the lube oil service pump; therefore, all available steam 
should be reserved for use in the fireroom. If the proper 
procedures are not immediately followed by the fireroom and 
engineroom personnel, the result will be that the ship will 
end up dead in the water, without any steam or power. 
Normal operating conditions can be resumed after a good 
fuel oil suction has been picked up and the boilers are up to 
full pressure. 

When brick or plastic falls out of the boiler furnace 
wall, the boiler should be secured. If it is necessary to con- 
tinue to operate the boiler until another can be brought in 
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on the line, burners adjacent to the defective brick or plastic 
area should be cut out, in order to avoid damage to the boiler 
casing. Since this procedure may result in a reduction in 
speed, the Boilerman will inform the engineroom of the esti- 
mated total steam output. 

One of the fireroom casualties resulting in the loss of boiler 
power is low water in the boiler ; the water level drops out 
of sight in the 18-inch glass. When this casualty occurs, the 
boiler will have to be secured immediately, allowed to cool 
gradually, and then opened for investigation. 

Another fireroom casualty which results in a loss of boiler 
power is the carrying away of a boiler tube or of other 
pressure parts of a boiler. In this case, it will be necessary 
to secure the boiler at once, and the boiler will be out of 
commission until repairs can be made. 

Temporary securing of the boiler may be required when 
the following casualties occur : 

1. Major fuel oil leaks in the fireroom 

2. Fuel oil fire, either in the fireroom or in the boiler 
casing 

3. Major flare-backs 

4. Loss of feed pressure 

For additional information regarding fireroom casualties, 
it is recommended that the MMl and C refer to chapter 88, 
section 3, of BuShip's Mammal, and to his ship's Engineering 
Casualty Control Book. 

BATTLE CASUALTIES 

As an MMl or C you will be responsible for handling 
battle casualties and you will have to know the location of 
isolating and cross-connecting valves and, also, which valves 
are remotely controlled. As a general rule, personnel safety 
is the first consideration in handling casualties and then ma- 
terial safety is considered. 

Effective control of battle casualties depends on a good 
knowledge of the principal engineering piping systems and 
related equipment. Detailed information may be found in 
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the ship's Engineering Casualty Control Book, in the 
Damage Control Book, in the booklet of plans of the prin- 
cipal engineering systems, and in other applicable sources 
found aboard ship. 

In the event of a battle casualty to an engineering piping 
system, the damaged section must be isolated and the system 
should be cross-connected, when possible. Emergency or 
alternate equipment should be used, when provided, to re- 
store service to vital systems. Whenever practicable, emer- 
gency repairs should be made and the system restored to 
normal operation. Precautions should be taken to prevent 
additional damage which may result from any original 
casualty. 

If a steam line in any space is ruptured, the space will 
be filled with steam to such an extent that it will have to be 
abandoned, and secured from the outside. After the space 
has been cooled, the damage can be isolated and as much of 
the plant operated as possible. Electrical power panels may 
have to be dried out before they can be used. 

SUMMARY 

The importance of engineering casualty control cannot be 
overemphasized. A failure to immediately restore any of 
the ship's normal services reduces the vessel's damage resist- 
ance and impairs its ability to operate effectively. The 
effects of these engineering casualties are both direct and 
indirect. Directly, the casualties reduce the ship's mobility, 
and offensive and defensive power. Indirectly, the casu- 
alties reduce the ship's habitability, and thereby lower per- 
sonnel morale and efficiency. 

The primary duty of every man aboard ship should be to 
maintain the ship, the equipment, and the crew in action. 
In any situation demanding quick action aboard ship, you 
should know what to do, the causes of casualties, and how 
to handle the various engineroom casualties. Therefore, 
in order for you to be able to control engineroom casualties 
properly, it is important that your men master the normal 
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operation of the equipment at your battle station; other- 
wise you will be at a loss when an emergency occurs. 

In controlling engine room and fireroom casualties, you 
should follow the recommended procedures. The Engineer- 
ing Casualty Control Book, BuShips Manual, and the manu- 
facturer's instruction books for the equipment or systems 
that are at your stations, are the primary sources of instruc- 
tion for handling engine room casualties. 

QUIZ 

1. Where can you find detailed information concerning the organiza- 
tion and the procedures to be followed for engineering casualties 
on board your ship? 

2. What are the ways in which good design contributes to the effec- 
tiveness of casualty control? 

3. List 5 general symptoms which indicate that a machine is not 
functioning properly. 

4. When a material failure occurs in any unit, what should be done 
with all similar units? 

5. Salt water in the lubricating oil is particularly dangerous to 
units containing what type of bearings? 

6. Who has the responsibility for deciding whether to continue the 
operation of equipment under casualty conditions where possible 
risk of permanent damage exists? 

7. What is the only possible justification for continuing to operate 
machinery under casualty conditions which involve possible risk 
of permanent damage? 

8. Although speed in controlling a casualty is essential, what other 
factor is needed before taking action? 

0. The handling of any casualty can usually be divided into what 
three phases? 

10. When should sluicing valves be closed? 

11. In case a casualty occurs aboard ship, who should be the first 
to be notified? 

12. What should be done if the ahead throttle valve jams open? 

13. What notations should be made by the throttleman when a shaft 
is locked? 

14. When is it possible for a turbine rotor to become bowed? 

15. If the turbine begins to vibrate, what does a rumbling noise 
generally indicate after the superheat temperature has been 
reduced? 

16. How do wiped reduction gear bearings affect the gear wear? 
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17. If the cruising turbine is out of commission, what action should 
be taken? 

18. If a decrease in the water level of the deaerating feed tank is 
noted during steady steaming, what checks should be made? 

19. What is the result of a momentary loss of flow of lubricating oil? 

20. In the event of a loss of oil pressure, what bearings are likely to 
be damaged first? 

21. If a partial examination of the main reduction gear bearings 
indicates no wiping and the cruising turbine bearings are found 
to be wiped, what bearings may be assumed to be undamaged? 

22. When are the high-speed pinion bearings for the main reduction 
gear likely to be wiped? 

23. If there is a high oil level in the reduction gear sump, what action 
should be taken? 

24. What action should immediately be taken by the Machinist's 
Mate when notified that there is oil in the fuel oil heater drains? 

25. If the Boilerman indicates that he is going to give the boilers 
blow-downs in order to reduce the salinity, what action should 
be taken by the Machinist's Mate? 

26. When there is water in the fuel oil suction, or loss of fuel oil 
suction to the steaming boilers, the steps to be taken to correct 
this casualty depend upon what conditions? 

27. What may have to be done with a boiler when there are major 
fuel oil leaks in the fireroom? 
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CHAPTER 




DAMAGE CONTROL ORGANIZATION AND 

SUPERVISION 

The design of naval ships provides resistance to damage 
compatible with other military characteristics. The main- 
tenance of the damage-resistance features of strength, water- 
tight integrity, stability, proper displacement, proper dis- 
tribution of liquids, and optimum material and personnel 
readiness before attack is as important for ultimate survival 
as are damage control measures after damage is sustained. 
In spite of all precautions and preparations that can be made 
before damage, however, the survival of the ship will often 
depend upon prompt and correct control measures after 
damage. It is necessary, therefore, to train the entire ship's 
company for any eventuality. 

In order to ensure proper training and to provide prompt 
and correct control in event of casualties, a damage control 
organization must be set up and kept active. In some cases 
the Chief or First Class Machinist's Mate will be included in 
the damage control organization during drills and actual 
emergencies. In this organization, as in any other organi- 
zation, the MM1 or C must understand the purpose and func- 
tion of the organization in order to fully carry out his duties 
as a leading petty officer. He also may be called upon to 
instruct, supervise, and train nonrated men in basic damage 
control functions and procedures. 
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SHIPBOARD ORGANIZATION 



The basic meaning of organization is the combining of 
many small parts into a workable system. This system is 
the backbone of damage control. Your success as a leading 
petty officer in the organization will depend on your complete 
understanding and ability to help fit these small parts to- 
gether, then to make them work. In order to do this, you 
should have a good fundamental knowledge of the damage 
control organization as it works in battle and in normal day- 
by-day routine. 

The routine business and operation of the ship are con- 
trolled by the permanent administrative organization of 
the ship, an organization which consists of the various de- 
partments of the ship. In most cases a Machinist's Mate is 
assigned to one of the enginerooms of the Engineering 
Department. 

In order to ready the ship for battle conditions or major 
emergencies, a battle organization is set up. This organi- 
zation includes the damage control organization. Since 
relatively minor periods of a ship's total time will be spent 
under battle conditions, this organization is more or less 
temporary. Do not let this word "temporary" mislead you, 
however, for the battle organization is a vital one and it must 
be kept up to the highest possible standards. Because of 
the relatively short periods of time that the ship's crew is 
exercised on stations under the battle organization, it is im- 
perative that an all-out effort be made to perfect the func- 
tioning of the organization and the training of personnel. 
When all battle stations are "manned and ready" during 
battle conditions, a strict and efficient organization must be 
ready to function. 

The damage control organization under battle conditions 
is also of a temporary nature, as it will include personnel 
that have only temporary or collateral duties in damage 
control. The membership of the group responsible to the 
damage control assistant under battle and normal conditions 
varies. For example, in battle condition, a repair station 
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on a ship will be made up of many different ratings. These 
men, as members of a repair party, will serve under the 
Damage Control Assistant. However, in normal ship's rou- 
tine, only the DC, FP, and ME ratings will serve under 
him ; the other members of the repair party will serve under 
their division heads in the different departments. 

OBJECTIVES OF DAMAGE CONTROL 

The three basic objectives of shipboard damage control 
are: (1) To take all practical preliminary measures before 
damage occurs, such as maintenance of watertight integrity 
and fumetight integrity, maintaining reserve buoyancy and 
stability, removal of fire hazards, and upkeep and distribu- 
tion of emergency equipment; (2) to minimize and localize 
damage, when it does occur, by such measures as control of 
flooding, preservation of stability and buoyancy, fire fight- 
ing, and first-aid treatment of personnel; and (3) to accom- 
plish emergency repairs or restorations as quickly as possible 
after the occurrence of damage, by such measures as supply- 
ing casualty power, regaining a safe margin of stability and 
buoyancy, replacing essential structure, and manning essen- 
tial equipment. 

The ship's ability to inflict punishment upon or destroy 
the enemy or to perform any other assigned mission may 
well depend upon the effectiveness of damage control. 
Damage control then must be considered as an offensive, as 
w ell as a defensive, function. 

Damage control is concerned not only with battle damage 
but also with nonbattle damage, such as fire, collision, ground- 
ing, or explosion. It may be necessary in port as well as 
at sea, and may involve the use of personnel and facilities 
of an undamaged ship. 

KNOWLEDGE NECESSARY FOR DAMAGE CONTROL 

Damage control requires a detailed knowledge of ship con- 
struction, characteristics, compartmentation, stability, and 
of those appurtenances placed on board a ship to prevent or 
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control damage should a ship be endangered. Basically, 
the control of damage depends upon the ability of personnel 
to take prompt corrective action, using material which is 
available. Having a thorough knowledge of the ship will 
enable personnel to determine readily the corrective action 
to be taken. 

In order to control any form of damage or casualty which 
may occur, it is essential to know the fundamentals of the 
various methods and procedures used to prevent damage to 
a ship, and to protect its personnel. Damage control, in 
its full meaning, is quite extensive and includes a wide field 
which covers many subjects and activities. Some of the 
major divisions are : 

1. Stability and buoyancy. 
Watertight integrity. 

Ship construction and compartmentation. 
Hull strength. 

Piping, electrical, and other systems. 

2. Fire fighting. 
Flooding control. 
Investigation of damage. 
Emergency repairs. 
Shallow water diving. 

3. Operation of damage control equipment. 
Damage control communications. 
Casualty power and lighting. 

4. Damage control safety precautions. 
First aid. 

Chemical warfare. 
Radiological warfare. 
Biological warfare. 

5. Preventive maintenance. 

Allowance of damage control equipment. 
Allowance of damage control material and repair 
parts. 

Material inspections and records. 

6. Damage control organization and training. 



297837—56 20 



297 



Damage control drills and battle problems. 
Damage control competition and inspections. 

The ship's damage control library consists of books, pam- 
phlets, and publications which contain information or in- 
structions necessary for the practical application of the 
theory of damage and casualty control. More detailed in- 
formation on the list of publications may be obtained from 
the ship's damage control officers or by referring to chapter 
88 (article 88-505) of BuShips Manual. 

APPLICATION OF DAMAGE CONTROL PRINCIPLES 

In accordance with various directives from higher au- 
thority, the Damage Control Assistant and the damage con- 
trol organization should impress upon all personnel the 
necessity for obtaining the highest degree of efficiency in the 
control of damage through the thorough understanding and 
application of damage control principles. 

All leading petty officers and men of the damage control 
organization should obtain a working knowledge of the 
ability of the ship to resist damage and remain afloat. This 
knowledge is best obtained by a thorough study of the ship 
and its systems, and by the study of methods successfully 
used and of mistakes made by other ships in combating 
damage. 

Damage Control Books 

Damage control books are restricted publications issued 
by BuShips to the individual ships. They contain material 
information in the form of text, tables, and diagrams con- 
cerning the construction, facilities, and characteristics of the 
ship. They also give information on complicated piping and 
electrical systems in connection with damage control. In 
general, these books will be of great aid in developing that 
detailed knowledge of the ship which is required before the 
proper damage control procedures or methods can be applied. 
Since there are many types and classes of ships in the Navy, 
general damage control procedures and training will have to 
be specialized for the particular ship in question. 
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Ship's Organization Book 

Every ship maintains a ship's organization book. It is 
made up under directives usually set down by the type com- 
manders in the Standard Organization Book for ships of 
specific classes. 

In the ship's organization book you will find information 
and orders for the routine organization and procedures on 
board ship. In addition, you will find the organization and 
procedures in case a special or emergency condition occurs. 
The latter is made up in the form of bills. Some of these 
bills are as follows : Cleaning, Maintenance, and Repair Bill ; 
Battle Stations (including various conditions); Fire Bill; 
Collision Bill, Abandon Ship Bill, Fire and Rescue Bill; 
Salvage Bill ; Special Sea Detail Bill ; Jettison Bill ; Scuttle 
Ship Bill ; Gas Defense Bill ; Radiological Safety Bill ; and 
Darken Ship Bill. Since some form of damage control is con- 
nected with most of these bills, you must familiarize yourself 
with the damage control information in the ship's organiza- 
tion book. 

Watch, Quarter, and Station Bill 

Space is provided on the Watch, Quarter, and Station Bill 
for the assignment of men to billets under the provisions of 
many of the bills listed above. It will be the responsibility 
of each CPO to see to it that all the men in his gang know 
the duties and responsibilities of their billets on the Watch, 
Quarter, and Station Bill. 

Damage Control Bills 

Damage control operating bills are prepared by all ships 
whether or not damage control books have been furnished, 
and the preparation of these bills should follow carefully the 
instructions contained in USF-82, Da/mage and Casualty 
Control Manual. These bills must be kept current at all 
times by modifications to suit any late alteration to hull, 
armament, or machinery, or any changes in complement. 
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Damage control bills should not only outline repair pro- 
cedures but should also contain instructions for operating 
the various systems, in conformity with the designated mate- 
rial conditions of closure, so that the objectives of damage 
control will be best obtained. Damage control bills are 
important in organizing the ship for damage. Leading petty 
officers must understand these bills and be familiar with 
them, .since effective training is based on adequate 
organization. 

Engineering Casualty Control Book 

The Engineering Casualty Control Book is similar to the 
ship's organization book and the damage control bills in that 
it gives the organization and procedures in case of casualties 
or damage. Many of the damage control bills also appear 
in this book. 

ORGANIZATION FOR CONTROL OF DAMAGE 

Although Navy ships may be large or small and of differ- 
ent types, the basic principle for damage control organization 
during battle conditions remains more or less standardized. 
Some organizations are larger and more elaborate than 
others, but they all function on the same fundamental 
principles. 

A standard type damage control organization, suitable 
for large ships but to be followed by all ships as closely as 
practicable, includes the Damage Control Central Station 
and the following repair parties : 

Repair 1 (deck, or topside, repair party) — IF, forward; 
1A, aft; IB, amidship. 

Repair 2 (forward below deck repair station). 

Repair 3 (after below deck repair party). 

Repair 4 (amidships below deck repair party). 

Repair 5 (main propulsion party). 

Repair 6 (ordnance repair party) — 6F, part of Repair 2; 
6A, part of Repair 3. 

Aboard carriers, there will be two additional repair 
parties : 
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Repair 7 (gasoline repair party). 
Repair 8 (flight deck repair party). 

These repair parties each have a specifically located head- 
quarters and are further subdivided into patrols, units, or 
secondary groups. This permits dispersal of personnel and 
a wide coverage of the assigned areas. 

Damage Control Central Station 

The Damage Control Central Station is the battle station 
of the Damage Control Assistant. It will be found in a cen- 
tral location and as well protected as possible. On a large 
ship, this station is manned by a group including a stability 
control officer, a casualty board operator, and a damage 
analyst. You will also find representatives of fuel oil, elec- 
trical, and ordnance groups ; and telephone talkers who have 
the required background and one trained to receive, deliver, 
and record messages. Figure 9-1 shows a compartment 
used by the personnel of the Damage Control Central 
Station. 

In any ship's damage control organization, arrangements 
are made for a designated repair station to take charge of 
damage control activities. Should this central station be 
destroyed or rendered unable to retain control, other repair 
stations, in designated order, take over these same functions. 
Provisions are also made for passing the control of each re- 
pair party and its operation down through the officers, petty 
officers, and nonrated men, so that at no time will any group 
be without a leader. 

The purpose of Damage Control Central is to collect and 
compare reports from the various repair parties in order to 
determine the condition of the ship and the action that should 
be taken. The commanding officer is kept posted on the con- 
dition of the ship and on important corrective measures 
taken. Repair party reports are carefully checked so that 
immediate action can be taken to isolate damaged systems, 
and to make emergency repairs in the most logical manner. 
Graphic records of the damage are made on various damage 
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Figure 9-2.— A rapalr porty complainant (lory* ship). 
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control diagrams or status boards, as the reports are received. 
For example, reports concerning flooding are marked up, as 
they come in, on a status board which indicates liquid dis- 
tribution before damage. With this information, the sta- 
bility and buoyancy of the ship can be estimated, and the 
necessary corrective measures can be determined. Orders 
can then be sent for the required action. 

A ship is a very complex structure and it would be prac- 
tically impossible for an individual to learn all the details of 
the various systems, such as piping and ventilation, built 
into it. There must be some means of facilitating the lo- 
cating of any part or section of these systems, and the section 
of the ship. This is especially true during an emergency. 
It is accomplished by means of diagrams that are kept at 
Damage Control Central and at the various repair party 
stations. 

Repair Party 

The repair party is the damage control officer's representa- 
tive at the scene of the casualty or damage. At his battle 
station, the damage control officer or his assistant is the nerve 
center and directing force of the entire damage control or- 
ganization. (See fig. 9-2.) The orders and information 
given by the damage control officer cannot be all-inclusive, 
however, because many of his decisions must be delayed 
pending a complete and reliable estimate and analysis of 
the extent of damage, based on the receipt of accurate re- 
ports. These reports to a large extent come from the repair 
party in the affected area. The over-all effectiveness of the 
damage control organization is directly proportional to the 
effectiveness of the individual repair parties. 

In distributing the available personnel to a repair station 
(see fig. 9-3), you will find that an engineering repair party 
will consist largely of Machinist's Mates, Machinery Kepair- 
men, Boilermen, Enginemen, Firemen, and in many cases EM 
or IC ratings. The duties of EM and IC personnel include 
(1) making emergency electrical repairs on the scene, (2) 
directing the establishment of casualty-power connections, 
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Figure 9-3. — A repair party station. 

(3) testing and locating damaged circuits, (4) restoring com- 
munication circuits or providing emergency means of com- 
munication, (5) providing the damage control repair or cen- 
tra] station with information concerning the extent of elec- 
trical damage, and (6) making sure that the men assigned to 
the repair station are protected against electrical shock. 

Repair parties assigned to areas in which magazines are 
located should have Gunner's Mates as part of their person- 
nel. Storekeepers should he assigned to repair parties that 
have storerooms located in their areas. 

The number and the ratings of men assigned to a repair 
party or station, as specified in the Battle Bill, are deter- 
mined by: (1) the locale of the station, (2) the portion of 
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the ship assigned to that party, and (3) the total number 
of men available for all stations. 

Many repair parties have auxiliary repair lockers at stra- 
tegic locations in their assigned area to supplement the repair 
station's equipment. Figure 9-4 illustrates such a repair 
locker. 

Each repair station will have an Officer in Charge, who 
may in some cases be a chief petty officer. The second in 




Figure 9-4. — A repair locker. 
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charge of a repair party is in most cases a chief petty officer 
who is qualified in damage control and is capable of super- 
vising the repair party, 

A set of operating instructions should be posted at each 
repair station. In general, these instructions will include 
the following : 

1. Purpose of the repair party 

2. Specific assignments of space for which that party is 
responsible 

3. Instructions for assignment and stationing of 
personnel 

4. Methods and procedures of communications 

5. Instructions for handling machinery or equipment 
such as anchor windlass, steering gear, sprinkler systems, etc. 

6. Functions of gas defense and the decontamination of 
personnel 

7. Sequence of command and the procedure therewith 

8. List of basic damage control drills 

9. An inventory list of all damage control equipment and 
gear provided for the repair party 

Main Propulsion Party (Repair 5) 

The main propulsion party is an integral and important 
part of the damage control organization. For that reason 
all personnel assigned to this repair party should be thor- 
oughly familiar with the functions and responsibilities of 
the damage control organization. Large ships such as 
battleships and carriers have a main propulsion party desig- 
nated as Repair 5. On smaller ships, Repair 2 usually serves 
as the main propulsion party. 

Whether your ship is a carrier or a destroyer, the organiza- 
tion of your repair party is fundamentally the same, the 
principal difference being the number of men available. 
Inasmuch as it is not practicable to list the organization of 
the main propulsion party for the various types of naval 
vessels, the organization of a large aircraft carrier is used 
as an example. 
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Repair 5 is composed of a repair party headquarters and 
various groups or units. These groups or units are desig- 



nated as follows : 

Group designation Location 

Al Forward auxiliary machinery repair. 

A2 After auxiliary machinery repair. 

Bl No. 1 flreroom repair. 

B2 No. 2 flreroom repair. 

B3 No. 3 flreroom repair. 

B4 No. 4 flreroom repair. 

Ml Forward main machinery repair. 

M2 After main machinery repair. 



The number of men available for the repair party will de- 
pend on the complement of the ship. The headquarters of 
the repair party is usually centrally located above the 
engineering spaces. However, in order to prevent all the 
men in the repair party from being destroyed by one hit, and 
in order to ensure that they will have ready access to all vital 
machinery spaces, the various Repair 5 units are dispersed 
throughout the area to which they are assigned. 

For example, Group Ml would be stationed in the imme- 
diate vicinity of the No. 1 engineroom. The group leader 
should assign specific details to each man in the group. These 
instructions should include the responsibility for setting the 
proper material conditions of closure, and the care and 
maintenance of the damage control equipment assigned to the 
group. If you are responsible for assigning men to these 
details, always remember that they must know other phases 
of damage control in order to achieve maximum adaptability 
within the repair party. 

After the proper material condition of closure ("Able" or 
"Zebra") has been set, the CPO in charge of each group 
should establish a patrol (composed of 1, 2, or 3 men, depend- 
ing upon the personnel available) . The patrol should have 
an accurate knowledge of existing conditions in the assigned 
area. Violations of the material conditions of readiness 
should immediately be reported. No doors, hatches, fittings, 
valves, or ventilation closures which are required to be closed 
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should be opened without proper authority. Maintenance of 
the proper condition of closure is the constant duty of the 
damage control patrol. 

In addition to the patrol, personnel from the group should 
be assigned to remote control stations, in the assigned area, 
to operate valves for machinery, and other equipment located 
in the engineering spaces. 

Organization for Flr«- Fighting 

Repair parties provide the only personnel immediately 
available to fight fires during action. Other personnel, gun 
crews for example, must leave their primary duty should 
they have to fight a fire. It is essential that a plan of action 
embodying a systematic procedure for fighting fires be estab- 
lished. Loss of valuable time will be the inevitable result 
if the decision as to the method to be used in fighting a fire 
is not made immediately. Large repair parties may be 
divided into fire-fighting groups. In small ships, an entire 
repair party might be required to make up a complete fire- 
fighting group or "team." Where possible, at least two such 
groups should be organized from any one repair party. 
These groups should be trained so that any member can 
quickly undertake any of the detailed duties, as circumstances 
warrant. 

Members of repair parties will generally be assigned to 
fire-fighting positions as follows : 

1. Hose men (number determined by the size of hose). 

2. Plug man. 

3. Access men. 

4. Foam generator operator. 

5. Foam supply men. 

6. Portable CO* men. 

7. Oxygen breathing apparatus and asbestos suit men. 

8. Tenders for men wearing breathing apparatus and 
asbestos suits. 

9. Ventilation detail. 

In smaller fire-fighting groups, one individual must nec- 
essarily perform more than one of the detailed duties. This 
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should be provided for when organizing the group. A fire- 
fighting group consisting of as few as four men can be effec- 
tive. The senior rated man should be designated as the group 
leader. His first duty is to get to the fire quickly, then in- 
vestigate and determine its nature, and supervise his team 
in fighting the fire. He must make decisions as to whether 
additional or different equipment is required and also as to 
the number of personnel required for fighting the fire. The 
analysis he makes must be in accord with the principles that 
are set forth in chapter 93 of BuShips Manual, and taught at 
the Navy fire-fighting schools. 

Although fire fighting is one of the most important func- 
tions, the repair parties have other duties for which they 
must organize and train. Some of these are chemical war- 
fare defense, radiological defense, biological defense, inves- 
tigation of damage, shoring, etc. 

DAMAGE CONTROL COMMUNICATIONS 

Damage control communications is of vital importance to 
the damage control organization. Without adequate means 
or proper procedures of communications between the differ- 
ent units of the damage control organization, the whole or- 
ganization would break down and fail in its primary func- 
tions. Therefore, proper organization and procedures for 
damage control communications cannot be overemphasized. 

It is impractical to cover in detail all types of ships in 
describing communication systems. Figure 9-5 covers only 
the IC systems found on large combatant ships. A general 
knowledge of these systems, however, will promote better 
understanding of the other systems in use in smaller ships. 

The normal means of damage control communications 
aboard large ships are : 

1. Battle telephone circuits (sound-powered). 

2. Interstation 2-way systems (4MC intercoms). 

3. Ship's service telephones. 

4. Ship's loud-speaker system (IMC general announc- 
ing). 
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5. Voice tubes (where installed). 

6. Messengers. 

BattU Telephone Systems 

The battle telephone systems are sound-powered circuits. 
They require no outside source of electric power. The trans- 
mitter of the sound-powered telephone is an instrument de- 
signed to transform sound waves into electrical energy. The 
receivers are capable of converting this electrical energy into 
similar sound waves. Outlets for sound-powered battle tele- 
phones are located at numerous critical locations throughout 
the ship. 

The normal damage control sound-powered circuits are: 



2 


JZ 


Damage and stability control. 


3 


JZ 


Main deck repair 1. 


4 


JZ 


Forward repair 2. 


5 


JZ 


After repair 3. 


6 


JZ 


Amidships repair 4. 


7 


JZ 


Main propulsion repair 5. 


8 


JZ 


Flight deck repair (carriers only) 8. 


9 


JZ 


Magazine sprinkling and ordnance repair, forward 6F. 


10 


JZ 


Magazine sprinkling and ordnance repair, aft 6A. 


3 


JG 


Aircraft service (carriers only). 


5 


JG 


Aviation ordnance (carriers only). 


7 


JG 


Conflagration control (carriers only). 




JA 


Captain's battle circuit. 


1 


JV 


Maneuvering, docking, and catapult control. 


2 


JV 


Engineer's circuit (engines). 


3 


JV 


Engineer's circuit (boilers). 


4 


JV 


Engineer '8 circuit (fuel and stability). 


5 


JV 


Engineer's circuit (electrical). 




JL 


Lookouts (surface and sky). 



A schematic arrangement of the damage control telephone 
systems on a large ship is shown in figure 9-5. 

The JZ Sound-Powered Circuits. The 2 JZ sound- 
powered circuit is common to the Damage Control Central 
Station and to all repair parties. (See fig. 9-5.) 

The 3, 4, 5, 6, and even 7 JZ circuits are individual repair 
party circuits, connecting each repair party station with its 
auxiliary station and patrol areas. Each of these repair 
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party circuits has an outlet in the Damage Control Central 
Station, either through a selector switch or individual jack 
boxes, or both. The latter is preferable and permits the 
manning of each circuit by individual talkers. 
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Figure 9—5. — A damage control interior communication plan. 

Where individual manning is done, the 2 JZ circuit is 
preferably used as an outgoing circuit from the Damage 
Control Central Station, carrying information and orders 
from the Damage Control Assistant to the various repair 
party stations. Each individual repair party circuit (3, 
4. 5, 6, and 7 JZ) thus becomes an incoming circuit into the 
Damage Control Central Station. This automatically makes 
the Damage Control Assistant, through any of his talkers, 
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cither an "information or an action addressee" on any mes- 
sages carried over any individual repair party circuit. 

Aboard smaller ships where only a single circuit is avail- 
able, both incoming and outgoing messages must be handled 
oyer the same circuit. 

Emergency Communication. On a ship having a mini- 
mum length of 200 ft, circuit X40J is installed to provide 
emergency communication between the open bridge, main 
engine control, damage control, and the steering gear room. 
Permanent risers are installed port and starboard from the 
main engine room to double jackboxes located about 3 feet 
above the main deck. An identical installation from the 
steering gear room to the main deck aft is provided. Port- 
able cables fitted with jackboxes and plugs are provided for 
interconnecting the riser jackboxes with each other and to 
a telephone headset. The wire provided is a special portable 
wire that may be passed through watertight doors and 
batches without destroying watertight integrity. 

Auxiliary Circuits. Most ships have auxiliary circuits 
which are, for all practical purposes, duplicates of the pri- 
mary circuits. These circuits serve the same stations as are 
served by vital primary circuits. 

String Type CiRcurrs. String circuits are a third type of 
sound-powered circuit in most ships, and are installed in sta- 
tions not especially vital to ship operation. They are in- 
stalled in such locations as between the upper and lower 
handling rooms of 5" mounts, turret stations, topside radio, 
radar and direction finder stations. Although these circuits 
are not normally used for damage control purposes, their 
existence in stations or sections of the ship not served by dam- 
age control circuits must not be forgotten, as in emergencies 
they may be tied in to primary circuits in order to extend 
communications to a remote section. 

Other Means of Communication 

Intercommunicating Units. Systems of recent design 
employ the intercommunicating units (circuit 4MC) on the 
damage control announcing system. These units provide a 

2fi 7 ftft 7 — KR 21 313 



dependable and fast 2-way transmission of damage control 
orders and information between the Damage Control Cen- 
tral Station and each repair station. A 1-way communica- 
tion is provided from each repair station to each repair party 
area served by that station by utilizing satellite reproducers. 

Ship's Service Telephones. On many ships these, are 
available for use where they are installed at or near repair 
stations. Too much reliance should not be placed on them 
as they are not part of a rugged battle system and may go out 
of commission early in action. 

Ship's General Announcing System. This system 
(IMC) is a means of communication, but so many stations 
other than damage control are affected that it is not desirable 
to use it unless all other methods fail. It should be reserved 
for warnings or for information that vitally affects the en- 
tire ship's company. 

Messenger Service. Each repair party should include 
personnel trained as messengers for relaying orders and in- 
formation. A written message is always more reliable than 
an oral message. However, messengers should be trained to 
carry oral orders without error. 

Control of Telephone Circuits 

Wherever possible, an outgoing line should be on a sepa- 
rate circuit from an incoming line ; if one circuit is used, the 
resulting confusion will greatly increase the difficulties of 
getting information through correctly and speedily. 

It is imperative that control of a circuit be established by 
the major controlling station so that an orderly flow of com- 
munication may be obtained. The circuit must never be 
allowed to get out of control as a result of the "cross-talk" 
which exists when 2 or more stations assume priority of 
messages. The controlling station must be able to clear the 
circuit immediately and establish a priority for messages 
whenever the need arises. 

Succession of Repair Stations to Control. The chain 
of succession of repair party stations to main control must be 
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so well established that it will serve as a permanent plan in 
case the Damage Control Central Station is destroyed, or 
temporarily put out of commission. 

Damage Control Central, by not answering to communica- 
tions, may simulate being out of commission. This provides 
a test of the organization and procedures of the station desig- 
nated to assume command ; and the efficiency and speed with 
which repair parties take over control can be noted. The 
next station in the chain of control, by testing at regular in- 
tervals, should soon discover that Damage Control Central 
is "out," if they can communicate with other repair stations 
and cannot contact Damage Control Central by any means of 
rapid communication. They should then take over the con- 
trol and notify all other repair stations, the commanding 
officer, and main engine control that they are doing so. This 
information must be positive and there must be no doubt 
who has control for damage. After the second station has 
assumed control, an investigation party should be sent to 
Damage Control Central Station. This procedure should be 
followed until all stations have succeeded to control for dam- 
ages and have exercised this control properly. Damage Con- 
trol Central can always restore control by saying "Damage 
Control Central taking over control," and receiving proper 
acknowledgments. 

This drill should emphasize the necessity for keeping writ- 
ten logs of all information and orders given by Damage Con- 
trol Central whether it applies to the specific station or not. 
In the event a repair station succeeds to control for damage, 
it must know what casualties all other stations are handling 
in order to assume control intelligently. 

Damage Control Communication Bill. The organiza- 
tional details of damage control communications should be 
written up in the form of a bill so that they will be readily 
understood and followed by all damage control personnel. 
These details should include such items as: (1) succession 
to main control, (2) primary circuits and stations to be 
manned, (3) procedure for shifting to secondary circuit in 
case of failure of the primary circuit, (4) procedure for 
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clearing damaged circuits by means of cut-out switches, (5) 
rigging of emergency communications, (6) policies regard- 
ing priority of messages and what information should be sent 
on each telephone circuit, (7) standard phrases and prac- 
tices to be used, (8) rules for talkers, care of telephones, 
and (9) other items suitable for the control of damage for 
the ship concerned. 

It is also recommended that this bill should list alpha- 
betically the ship's interior communication circuits, and the 
location of their outlets. Then, in addition, a list can be 
made of each station or compartment, showing the various 
circuit outlets installed at these stations. This will greatly 
facilitate setting up emergency, auxiliary, or extended com- 
munications. 

Telephone Control Stations. At these stations are 
located the action cut-out switches for clearing the battle 
telephone systems in case of damage or short circuits. On 
large ships, this isolation may be accomplished by means of 
action cut-out switches found in the controlling station of 
each circuit or on the main telephone switchboard in interior 
communication rooms. In these installations both stations 
may take the action necessary to isolate short-circuited por- 
tions of a circuit, thus restoring the remainder of the circuit 
to use. These action cut-out switches whenever provided are 
the best protection against total and continued lack of com- 
munication if their operation and importance are fully 
recognized. The damage control communication bill and 
organization for use of alternate circuits, in the event of 
damage entailing loss of communication on primary circuits, 
will recognize the importance of action cut-out switches and 
their locations. The talker who has this cut-out switch at 
his station will have control of the entire battle telephone 
circuit. 

Flexibility of Damage Control Communications. The 
flexibility of the communications on which damage control 
organization depends for its reports, orders, and information 
has been demonstrated in action. Although improvements 
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have been made in this respect, the danger of organisational 
failure must be guarded against. The various methods of 
communication between vital parts of the ship should be 
thoroughly understood so that, if the line of communication 
normally used becomes damaged (and cannot be cleared up), 
available alternative lines of communication can be readily 
placed in operation. This procedure must be clearly under- 
stood by all damage control telephone talkers, or confusion 
will result and the damage control organization will break 
down. Frequent drills where circuits are actually shorted 
without warning should be held to test the flexibility of 
damage control communications. All lines of communica- 
tions should be tested periodically by IC maintenance 
personnel. 

Damage Control Reports During Action 

Reports bt Patrol and Investigators. Patrols and other 
investigators should make their reports to the officer in 
charge of their respective repair party station; he will co- 
ordinate the information and pass it along to the Damage 
Control Central Station. Portable sound-powered tele- 
phones are invaluable for maintaining communication be- 
tween the scene of a casualty and the repair party station. 

Reports From Repair Parties. The most dependable 
source of information will be the repair parties investigating 
at the scene of damage. Repair party personnel should 
be trained to make prompt, accurate reports to the Damage 
Control Central Station. 

It will be necessary to make several reports when damage 
is inflicted. The initial report should contain the following 
information : 

1. Nature of damage (class B fire, bomb hole, ruptured 
firemain, etc.) 

2. Location of damage (deck, frame number, athwartship 
position relative tocenterline — i. e., port, starboard, or center- 
line — and compartment number) 

3. Extent of damage ( flooding — approximate gpm ; fii 
smoke or toxic gases present) 
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4. Measures being taken to combat damage (investigation 
still in progress ; fire fighting — number of hose, size of hose, 
type of extinguishing agent and method of application ; de- 
watering compartment — number and types of pumps being 
used) 

5. Assistance required 

This report must be made as soon as possible and any in- 
formation which cannot be contained in the initial report 
should be made in subsequent reports. These reports are 
made to Damage Control Central for the primary purpose 
of keeping the Damage Control Assistant posted, in order 
that he can recommend such action as will not only assist 
your repair party but also be best for the over-all safety 
and stability of the ship. 

Typical reports for fire in a living compartment would 
be as follows : 

INITIAL REPORT I 

Damage Control Central, Repair 2, Class Able Fire, 3rd 
Deck, Frame 80, STBD Side, Compartment A-309-L. 

Two salt-water hose teams attacking fire with high velocity 
fog and solid stream. 

Unit hose teams are entering surrounding compartments to 
cool down bulkheads. 

SECOND REPORT : 

Damage Control, Central, Repair 2, Class Able Fire, 3rd 
Deck, Frame 80, STBD Side, Compartment A-309-L under 
control. 

Unit hose teams are cooling down bulkheads in surround- 
ing compartments. 

THIRD REPORT : 

Damage Control Central, Repair 2, Fire Out, 3rd Deck, 
Frame 80, STBD Side, Compartment A-309-L. 

Flash back hose team has been stationed. Compartment 
being ventilated. Dewatering of compartment in progress, 
using one P-500. 

Damage Sustained — 20 bunks burned ; no personnel casu- 
alties. 



FOURTH REPORT: 

Damage Control Central, Repair 2, secured flash back hose 
team from compartment A-309-L, 3rd Deck, Frame 80, 
STBD side. 

Completed dewatering compartment. 

Cause of fire not determined. 

Reports of Damage Control Central. The damage con- 
trol officer must ascertain from the commanding officer what 
information he desires with regard to extent of damage and 
corrective measures, how detailed it should be, what circuits 
it is to be supplied over, and when. The question of "when" 
involves what the CO wants to know while the action is still 
in progress, and what information is to be withheld until 
after the action is broken off. Key personnel should be in- 
doctrinated in the procedure established. Usually a brief 
summary and corrective action taken in regard to damage, 
fires, flooding, buoyancy and stability, speed available, reduc- 
tions in gun-power, and probable results of the casualty are 
transmitted to the bridge and relayed to the commanding 
officer. 

Conditions Affecting Reports. When general quarters 
is sounded, for drills or before action takes place, the normal 
reports of stations being "manned and ready," and checking 
of communication circuits for proper operation are made ; 
periodic checks are made to be certain that all parties are on 
the line. 

When a single hit or casualty occurs, the major part of com- 
munications is the flow of information and orders from the 
repair party concerned and Damage Control Central. 

The difficulties in communication become apparent when 
there are numerous hits or casualties throughout the ship. 
All the repair parties will be trying to send information 
to Damage Control Central at once. Communication circuits 
will become overloaded and jammed unless the proper pro- 
cedure and control are maintained. Training and frequent 
drills are invaluable in this respect. A policy of priority of 
different types of messages should be well established. Mes- 
sages of vital information or those that require immediate 
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action of some other damage control unit should be sent first. 
When these have been transmitted, other important messages 
or reports should be sent. Routine messages and those of 
little importance should be held up until all others have been 
transmitted and lines are free. Usually, these messages or 
reports are held over until there is a lull period when no ac- 
tion is taking place. The damage control communications 
bill should give the priorities of reports and information of 
various types. This should be well understood by damage 
control communication personnel and by personnel directing 
damage control activities. 

DUTIES OF PETTY OFFICERS IN A DAMAGE CONTROL 

ORGANIZATION 

The MMC or MMl, when not assigned to an engineroom, 
may be a logical candidate for a repair party battle assign- 
ment. The repair party assignment is not the same as a 
permanent one in an engineroom ; but because of the MM's 
mechanical ability, knowledge of piping systems and 
auxiliary machinery, and miscellaneous repair experience, 
he should be able to quickly adapt himself to the various 
damage control functions. Also, he may have had con- 
siderable damage control instruction and experience when 
he was MM3 or 2. When a petty officer, regardless of his 
rate, is assigned to a damage control organization during 
battle conditions he must be able to perform the required 
damage control duties. To some it may appear to be a 
temporary or additional assignment. But it must be re- 
membered that the control of damage is a vital function and 
may mean the difference between losing or saving a ship. 

Know Ship's Damage Control Organization 

An MM1 or C assigned to a repair party as his battle sta- 
tion must understand thoroughly the damage control 
organization on his ship. If in doubt he should see the 
Officer in Charge of the repair party or the Damage Control 
Assistant for the necessary information or instructions. He 
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must understand the organization for damage control and 
be familiar with damage control procedures. 

The leading petty officer of a repair party must be familiar 
with and review as necessary, the Ship's Organization Book, 
ship's damage control bills, ship's Damage Control Book, 
damage control diagrams, BuShips Manual (chapters 88 and 
93), and other material pertinent to damage control and its 
organization. 

If assigned to a repair party he must clearly understand 
its organization and how its various functions are carried 
out Also, he must have a general knowledge of location 
and duties of the other repair parties, including Damage 
Control Central Station. The knowledge of the various 
units and of how they work together to form the damage 
control organization is most important to supervisory per- 
sonnel. 

Male* the Organization Function Properly 

The best damage control organization is of no practical 
value if it exists only on paper. Its proper functioning 
depends upon the officers, chief petty officers, and leading 
petty officers in the organization. Knowledge, leadership, 
and training are some of the basic requirements for leading 
and supervisory personnel in any organization. 

Besides the knowledge of fundamentals, the leading petty 
officer must see to it that the proper organizational procedures 
are carried out where groups of men are involved in such 
phases of damage control as fire fighting, flooding control, 
damage control communications, etc. He should correct 
and supervise personnel with the aim of obtaining a smooth- 
ninning and efficient organization. 

Be Able to Take Over Leadership 

In the Navy a man is always preparing himself for ad- 
vancement by studying and becoming proficient in the prac- 
tical requirements for the next higher rate. The same 
principle holds true for personnel in a damage control or- 
ganization. The second senior man should be able to take 
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the leading man's job of a partial or of a complete repair 
party. In a battle engagement the officer or key petty officer 
may be injured. To prevent confusion or disorganization, 
the second in charge of a unit, or repair party, should be able 
to take over the leadership. 

Another condition may arise when the ship is in port. A 
fire, collision, or casualty may occur when only the duty sec- 
tion is on board. Many of the key personnel of the damage 
control organization will be away from the ship, and it will 
be the duty of those on board to carry out the proper proce- 
dures of controlling damage or extinguishing fires. Al- 
though those men assigned to the damage control organiza- 
tion under normal conditions will man their battle stations 
when fire call is sounded, it may be necessary to call upon 
others, not familiar with this location as their regularly as- 
signed battle station, to assist in extinguishing a fire. Good 
leadership will be needed, therefore, to use available person- 
nel to the best possible advantage. If this leadership is not 
provided, general confusion and disorganization may result, 
with little or no effective corrective measures being taken. 
Too many men congregating at the scene of casualty may also 
create confusion. Personnel not needed should be cleared 
from the scene of action and stationed at a location where 
they may be promptly called as conditions may require. 

Training of Personnel 

As a chief or first class petty officer you may be charged 
with supervision of all or part of a repair party station. In- 
asmuch as the success of battle repair depends, in part, on 
knowledge and speed, the element of time does not allow for 
detailed supervision at the scene of the casualty. For this 
reason, during routine drill or training periods, one must 
train men so that it will not be necessary to give detailed su- 
pervision when actual casualties or damage occur. 

Training of personnel in damage control subjects may be 
accomplished by methods such as the use of training film, 
training aids, training mock-ups, lectures, and demonstra- 
tions. Men are taught by actual operation and use of all 
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damage control equipment and material. Fundamental 
drills and complicated battle problems are held. As a lead- 
ing petty officer assigned to a damage control organization, 
you may be required, under the supervision of the Damage 
Control Assistant, to supervise and train men. Much of this 
training will take place when the ship is drilled at general 
quarters. As in any "team," training must begin with the 
individual and should stress fundamentals. 

kn outline for training will prove important in develop- 
ing a good "team." The following is a typical training 
outline : 

1. Material Conditions of Readiness. 

a. Setting Material Conditions. 

b. When Conditions Are Set. 

c. Setting Material Conditions On : 

(1) Firemain. 

(2) Ventilation. 

(3) Piping and Drainage Systems. 

2. Damage Control Equipment. 



Pumps 


• 
• 


(1) 


P-500. 


(2) 


Handy Billy. 


(3) 


Submersible Pumps. 


(4) 


Gasoline Fire Pumps. 


(5) 


Eductors. 


Emergency Repair Equipment : 


(1) 


Portable Cutting and Welding Outfits. 


(2) 


Portable Blowers. 


(3) 


Electrical Tools. 


(4) 


Velocity Power Tools. 


(5) 


Screw and Hydraulic Jacks and Chain Falls. 


Emergency Protection Equipment: 


(i) 


Oxygen Breathing Apparatus. 


(2) 


Hose (Air-Line) Masks. 


(3) 


Gas Masks. 


(4) 


Asbestos Suits. 


(5) 


Chemical Defense Protective Clothing. 


(6) 


Shallow Water Diving Equipment. 
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d. Detection Equipment: 

(1) Explosi meter. 

(2) Flame Safety Lamp. 

(3) Chemical, Biological, and Radiological De- 

tectors. 

e. Fire Fighting Equipment: 

(1) Hose and Fittings. 

(2) High-Capacity Fog-Foam System. 

(3) Continuous-Type Foam Generators. 

(4) N. P. U. (Navy pick-up) Nozzle and Foam. 

(5) Installed C0 2 Systems. 

(6) Portable C0 2 . 

(7) Steam Smothering. 

(8) Sprinkler Systems. 

3. Interior Communication. 

a. Sound-Powered Phones. 

b. Secondary Communication Equipment : 

(1) 4 MC. 

(2) 1 MC. 

(3) Ship's Service Telephones. 

c. Primary and Secondary Sound-Powered Circuits. 

d. Emergency Communication Circuits. 

e. Priority of Circuits. 

f. Relationship of Repair Party Communication to 
Damage Control Central. 

4. Operational Procedures. 

a. Methods of Fire Fighting : 

(1) Class A. 

(2) Class B. 

(3) Class C. 

b. Radiological, Biological, and Chemical Warfare 
Defense : 

( 1 ) Gas Detection and Identification. 

(2) Monitoring and Decontamination. 

(3) Self- Aid and First Aid. 

c. Deck Machinery. 

d. Steering Machinery. 
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e. Air Compressors. 

f. Applying First Aid. 

g. Shoring. 

h. Dewatering Compartments. 

i. Emergency Cutting and Welding, 
j. Applying Emergency Patches. 

k. Maintaining Stability Through Counterflooding. 

To the above outline there could be added a list similar to 
the one shown earlier in this chapter, under the section 
"Knowledge Necessary for Damage Control." The non- 
rated or new man in a damage control organization should 
have a basic understanding of the subject of damage control 
and why he must be competent in the use and operation of 
damage control equipment. 

The leading petty officer in charge of a detail or a repair 
party is in an excellent position to know the weak and strong 
points of his "team," and thereby determine what types of 
drills or training should be conducted. This knowledge of 
his men will be of aid to the Damage Control Assistant in 
setting up a training program and various drills. 

In conducting drills and training, precautions must be 
taken to avoid having or establishing "key men" in the 
organization. These men may become injured and the re- 
sulting loss will cause confusion. If a man or petty officer 
is an outstanding leader of a hose party, simulate his injury 
and let the next man take over. Men should be rotated in 
their duties. As far as practicable, a man should be versa- 
tile and a jack-of-all-trades ; and the organization should be 
kept flexible. 

One of the qualities of good leadership is to be able to 
instill interest and competition among the men in damage 
control drills and activities. This may not prove as easy as 
it sounds, because during drills one does not have the actual 
holes and flooding or fires burning on board ship. To simu- 
late fires, damage, and flooding is one of the most difficult 
aspects of damage control training and should be given a 
great deal of thought Smoke flares and red pieces of canvas 
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can be used to represent fires; chalk marks and blue pieces 
of canvas or training mock-ups can be used to imitate flooding 
and holes in the ship ; red rags and shipping tags can serve to 
indicate personnel injuries; shorting-out plugs can be placed 
in damage control telephone circuits ; large tags or training 
mock-ups can be used to simulate breaks or holes in piping; 
and posters of various types can give information on damage. 

A logical sequence should be followed in training men in a 
certain drill or subject. First, a lecture should be made to 
give men the purpose and importance of the drill. They 
must have a clear understanding as to what it is all about. 
Have the men walk through the drill, in order to check for 
proper procedure; later, speed can gradually be developed. 
Do not sacrifice quality for speed. Remember that speed in 
doing a drill comes last. Unless this training procedure is 
followed, confusion will result and some men may never com- 
pletely learn the drill. 

Ordinarily, all the fundamental drills should be properly 
held and completed before a complicated battle problem is 
attempted. The purpose of the battle problem is to train 
the damage control organization as a whole unit and to locate 
weak points. It is similar to the final examination after a 
course of study has been completed. 

Do not forget the telephone talker. There are important 
communication drills and training that must be completed be- 
fore he is ready for a battle problem, otherwise the whole 
top level of the damage control organization will break 
down. Remember that a complete prearranged battle prob- 
lem can be simulated by the communication personnel under 
the supervision of one officer or petty officer at each station. 
This training of the telephone talkers can take place inde- 
pendently of any drill for the damage control organization as 
a whole unit. 

SUMMARY 

Damage control is one of the most important elements of 
your shipboard life. In addition to the billet assigned you in 
your division, you have duties as a member of the damage 
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control organization. As an MMl or C, you will be a lead- 
ing petty officer of a repair party, and in some cases you will 
have charge of a repair party. 

The objectives of damage control are (1) to take preven- 
tive measures before damage is inflicted, (2) to minimize and 
localize damage, and (3) to accomplish emergency repairs. 
In order to attain its objectives, the damage control organ- 
ization depends on men who have a detailed knowledge of 
ship construction, compartmentation, ship characteristics, 
and stability. 

To assist you in carrying out your duties as a member of a 
repair party, many publications are provided as a source of 
damage control information. The principles and procedures 
to be followed are stated in chapter 88 of BuShips Manual. 
Selected registered publications (the Damage Control Book, 
Ship's Organization Book, Casualty Control Book, etc.) are 
available aboard ship. Practical illustrations of the appli- 
cation of casualty procedures can be found in War Damage 
Reports. 

The damage control organization consists of Damage Con- 
trol Central and repair parties. Each repair party is as- 
signed an area of the ship and is responsible for damage 
control in that area. Damage Control Central coordinates 
the activities of all repair parties for maximum effectiveness. 

The sound-powered circuit is the most important means of 
communication between each repair party and Damage Con- 
trol Central. The success of any communication system de- 
pends on well-trained telephone talkers, and repair party per- 
sonnel who transmit accurate and pertinent information 
through the telephone talkers. 
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QUIZ 



1. What is the backbone of shipboard damage control? 

2. What are the two types of shipboard organization? 

3. What are the three basic objectives of shipboard damage control? 

4. Why must damage control be considered as an offensive as well 
as defensive function? 

5. How can leading PO's and men of the damage control organiza- 
tion get a working knowledge of the ability of their ship to resist 
damage and remain afloat? 

6. Where can you obtain detailed Information concerning publica- 
tions on damage control? 

7. What must you read in order to fully understand the organization 
of the ship in regard to damage control ? 

8. Why are repair parties subdivided into patrols, units, or second- 
ary groups? 

9. Where is the Damage Control Central Station usually located? 

10. What is the purpose of Damage Control Central? 

11. Who represents the Damage Control Assistant at the scene of a 
casualty? 

12. In order to help you locate any section of the ship, or of the 
ship's systems, what source of information is available on board 
ship? 

13. The over-all effectiveness of the damage control organization is 
directly proportional to what? 

14. What factors determine how many men and of what ratings will 
be assigned to a repair party or station? 

15. Upon what factor does the number of men available for the 
Repair 5 party depend? 

16. What is the primary duty of the damage control patrol? 

17. In addition to regular repair party duties, personnel should be 
assigned to patrols and what other duties? 

18. Under battle conditions, what personnel will be immediately 
available to fight fires? 

19. What are the normal means of damage control communications 
aboard large ships? 

20. What sound-powered circuit Is common to the Damage Control 
Central Station and all repair parties? 

21. Which individual repair party circuits connect each repair party 
station with Its auxiliary station and patrol areas? 
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22. On a ship having a minimum length of 200 ft, what circuit 1m 
installed to provide emergency communication between the open 
bridge, main engine control, damage control, and the steering 
gear room? 

23. Why is it not practical to rely on ship's service telephones for 
damage control communications? 

24. Why is it not desirable to use the IMC system for damage control 
communications ? 

25. Why must each repair station keep a written log of all Informa- 
tion and orders, given by Damage Control Central, even if it does 
not apply to the specific station? 

26. What is the function of action cut-out switches found in telephone 
control station circuits? 

27. What are 3 basic requirements for supervisory personnel in any 
organization? 

28. In order to prevent confusion in a repair party, who should be 
able to take the leading man's job of a partial or of a complete 
repair party? 

29. In conducting drills and training, why must precautions be taken 
to avoid having "key men" in the damage control organization? 

30. How can casualties in damage control telephone circuits be 
simulated? 
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CHAPTER 
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DISTILLING PLANTS 

This chapter deals primarily with abnormal openj 
conditions, trouble shooting, and repair of distilling pli 
In order to trouble shoot, or to quickly recognize abnol 
operating conditions, an MMl or C must have a good fj 
tical knowledge of a distilling plant. This knowledge 
only be obtained from study and from practical opera* 
such as standing evaporator watches. As far as practica 
all Machinist's Mates should have watch standing experid 
and be capable of operating a distilling plant. An Mi 
or C must also have a good knowledge of normal operati 
conditions in order to recognize different types of troutt 
which, in turn, produce certain abnormal operati} 
conditions. 

The discussion of distilling plants, in this chapter, w| 
emphasize items of a general nature. For detailed inf oral 
tion, you must study the manufacturer's instruction boi 
for the particular type of plant on board your ship. ■ 

GENERAL TYPE PLANTS 

The installations of the low-pressure submerged-tube typt 
of distilling plant will vary for different ships, but, in al 
cases, the operating principle is the same. The information 
in this chapter deals with the two general type plants* 
shown in figures 10-1 and 10-2. Figure 10-1 shows a plan 
of a distilling plant consisting of one triple-effect unit. Twq 
such units are often installed aboard ship. 
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For purposes of review, the piping system of the low- 
pressure submerged-tube type of distilling plant may be 
divided into 7 different circulating systems, as indicated by 
the following circuits : 

1. Generating steam. 

2. Vapor. 

3. Fresh water. 

4. Air removal. 

5. Condenser circulating water. 

6. Evaporator feed water. 

7. Brine. 

I These circulating systems, together with the necessary 
! Tent and drain connections to the various units of the plant, 

make up the complete piping system. 

The distilling plant shown in figure 10-1 is generally 
j known as a "three-effect" or triple-effect*' plant. Some of 
> the 20,000 gpd plants, and all the 30,000 and 40,000 gpd in- 
| sta Hat ions, are of this type. All smaller plants (4000, 8000, 

10,000, and 12,000 gpd) and some 20,000 gpd plants are built 
J for two-effect or "double-effect" operation. Figure 10-2 
! shows a typical diagrammatic arrangement of a double-effect 

low-pressure distilling plant. 
The double-effect plant differs from the triple-effect plant 

in the following respects : 

1. No evaporator feed pump is used. With the shorter 
feed circuit, a comparatively slight increase in the pressure 
setting of the spring-loaded back-pressure valve provides 
sufficient head to deliver the sea-water feed to the first-effect 
shell. 

2. Evaporation takes place in two stages rather than in 
three. The third-effect shell of figure 10-1 becomes the 
second-effect shell of figure 10-2. The second-effect shell 
and flash tank of figure 10-1 are omitted in figure 10-2. 

OPERATING TROUBLES AND REMEDIES 

Careful operation and proper preventive maintenance 
procedures will, to a great extent, ensure trouble-free opera- 
tion of a distilling plant. 
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The operation of the distilling plant is normally taken c 
of by the watch standers, under the general supervision 
an MM1 or C. When operating troubles occur, it will 
the responsibility of the MM1 or C in charge of the distill 
plant to locate the trouble and to make the necessary con 
tions or repairs. 

Failure to obtain full rated capacity of the plant is oni 
the most frequent troubles encountered during the operat 
of a distilling plant. This trouble is most difficult to rem* 
since it may result from a combination of any number 
factors. The various factors which promote full output 
the distilling plant are as follows : 

1. Proper steam pressure above the orifice. 

a. Ample steam supply. 

b. Proper operation of the reducing valves. 

2. Highest possible vacuum in the first-effect tube ne 

a. No air leaks. 

b. Proper water levels in the evaporator shells. 

c. Evaporator tube nests continuously vented. 

d. Evaporator tube nests reasonably clean : 

(1) Continuous feed treatment and periodi 
chill-shocking. 

(2) Tubes mechanically cleaned when necessary 

(3) Density of brine overboard not over 1.5/32 

(a) Overboard piping reasonably clean 

(b) Proper valve settings. 

(c) Proper operation of brine pum] 
(clean suction piping and strainers 
proper speed and direction of rota- 
tion; pump properly vented; gland 
properly packed and sealed; no air 
leaks in pump piping) . 

e. Evaporator tube nests properly drained : 

( 1 ) Proper operation of all drainers. 

(2) Proper operation of the tube nest drain 
pump. 

3. Highest possible vacuum in the last-effect shell, 
a. No air leaks. 



332 



I 



I 



I 



1 

i 

I 

i 



b. Proper air ejector operation : 

(1) Clean nozzle and strainer. 

(2) Sufficient pressure and dry steam at nozzle. 

c. Ample flow of circulating water : 

(1) Clean strainer, pipe line, and tubes. 

(2) Proper valve settings. 

(3 ) Proper operation of the circulating pump. 

d. Effective surface in the distilling condenser : 

( 1 ) No undue deposit inside the tubes. 

(2) Proper venting of the condenser tubes. 

(3) Proper operation of the condensate pump. 
The above outline indicates the manner in which the 

listed factors affect not only one another but also the over- 
all performance and the output of the plant. The location 
of the factors in the above outline does not necessarily indi- 
cate their relative importance. For example, improper 
operation of the condensate pump may affect the output 
directly (in addition to affecting the condenser vacuum), 
since undrained distillate will decrease the condensing sur- 
face in the distiller condenser, thus affecting the vacuum; 
or, in some plants, it may spill back into the last effect and 
be re-evaporated. 

Evaporator Steam Supply 

It is self-evident that a full output cannot be maintained 
unless steam in the normal amount and at the proper pres- 
sure is supplied to the plant. The orifices supplied are 
designed to pass the proper amount of steam to permit rated 
capacity operation with a pressure of about 5 psi gage above 
the orifice. It is recommended that the orifice be inspected 
annually. A measurement of the orifice should be taken 
and compared with the figure stamped on the orifice plate. 
If necessary, the orifice plate should be renewed. 

Any variation of steam pressure above the orifice requires 
an investigation, first of the weight-loaded regulating valve, 
and then of the pressure-reducing valve (if installed), to 
determine whether or not the valves are operating properly. 
If they are functioning properly and the pressure cannot be 
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maintained above the orifice, an insufficient amount of 
steam is being supplied to the plant. 

A small amount of superheat in the exhaust steam supply 
has little or no effect on the operation nor on the scale forma- 
tion but, regardless of the first-effect tube nest pressure used, 
temperatures in excess of 245° F should be avoided to pre- 
vent formation of hard scale. The desuperheater water 
spray should be checked, if necessary, to ensure that it is 
operating properly. 

First-Effect Tube Nest Vacuum 

Current operating practice for plants establishes that a 
pressure maintained in the first-effect tube nest must be 
within the range of from 16 inches Hg vacuum, with clean 
tube bundles, to about atmospheric pressure, with scaled tube 
surfaces. If the plant is in a satisfactory operating condi- 
tion, the heating surfaces will be adequate to ensure 100 per- 
cent of rated capacity within the above pressure range. With 
the vacuum in the first-effect tubes maintained as high as 
possible, scale formation will be kept to a minimum and the 
plant will be able to operate at full capacity. Reference to 
the outline given earlier in the chapter shows that the pri- 
mary factors affecting the first-effect tube nest vacuum are: 
air leakage, water levels in the evaporator shells, proper 
venting of the evaporator tube nests, scale or other deposits 
on the evaporator tubes, and draining of the evaporator tube 
nests. 

A vacuum reduction resulting from any factor other than 
deposits on tube surfaces should be eliminated. This, in 
turn, will reduce deposits and greatly prolong the time inter- 
vals between cleanings. 

Loss of vacuum resulting from deposits on evaporator 
tubes should be gradual. Under normal conditions, there 
will be no perceptible change in vacuum for any one day's 
operation. A sudden drop in vacuum should be traced to 
causes (listed above) other than scale deposits. 

Air Leakage. Since the generating steam circuit operates 
under a vacuum ranging from 16 inches Hg to approximately 
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1 inch Hg (depending upon scale deposits), it may be subject 
to air leaks. Leaks from the steam side of the first-effect tube 
nest to the first-effect shell space will cause losses of capacity 
and economy. Air leaks from the atmosphere into the gener- 
ating steam line (downstream from the orifice plate), the 
first-effect tube nest front header, and the first-effect tube 
nest drain piping (up to the drain pump discharge side) will 
cause a loss of vacuum and capacity. Air leaks in this part 
of the distilling plant may be less noticeable than air or water 
leaks elsewhere because the effect on the plant is similar to 
to the scaling of the tube surfaces. 

A check for possible air leakage into the generating steam 
circuit can be readily made by means of the compound gage 
and the thermometer, which are installed on the steam head 
of the first-effect tube nest. The value of these two readings 
can be compared with the data found in the steam tables of 
the manufacturer's instruction book. The value of the 
vacuum should be in proportion to the amount of scale de- 
posits on the surfaces of the first-effect tubes. If the amount 
of scaling is known, the value of the vacuum reading should 
indicate any possible air leakage. For example, with clean 
evaporator tubes the reading of the compound gage should 
show a value of 16 inches vacuum. Any reading consider- 
ably lower than this value will indicate air leaks in the gen- 
erating steam circuit. In addition, the thermometer should 
read approximately 176° F. Any reading considerably 
higher than this value will indicate abnormal conditions. 

Routine inspections and tests should be made to check for 
any possible air leaks in the distilling plant. Any air leaks 
found should be immediately corrected and precautionary 
measures should be taken to prevent additional air leaks 
from occurring. 

Water Levels its Evaporator Shells. A reduced first- 
effect tube nest vacuum and capacity can result from too low 
a water level in any evaporator shell. On most plants, the 
water levels are controlled by hand regulation of the feed 
valves. Inability to feed the first-effect shell is usually due 
to scale deposits in the sea-water sides of the air ejector con- 
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denser and the vapor feed heater, or to obstructions in the 
feed line. Inability to feed subsequent effects is due to air 
leakage, or heavy scale deposits, in the feed lines between 
effects. It is important that the upper and lower gage glass 
fittings be free of scale, as plugging of these lines will result 
in false water level indications. Air leaks around the gage 
glass will also result in false levels in the gage glass. 

Routine inspections and cleaning, as established by service 
needs, should be made for scale formation in the various 
component parts of the distilling plant. A check-off list, 
noting the last time each component part was cleaned or in- 
spected for scale deposits, should be maintained. In this 
manner, preventive maintenance can be carried out with as- 
surance that normal operation will not be affected by ex- 
cessive formation of scale deposits in Jieat exchangers, piping, 
and fittings. 

The pressure differential between the first-effect and the 
second-effect chambers permits the second-effect feed to be 
discharged into the second-effect shell. Air leaks have oc- 
curred between the first- and second-effect shells in the two- 
effect distilling plants. Large air leaks of this type can be 
readily detected when the vacuum gage for the first-effect 
space reads approximately the same as the vacuum gage for 
the second effect. In other words, both gages will indicate 
approximately 26 inches of vacuum. Large air leaks of this 
nature will disrupt the operation of the plant. The leaks 
must be located, by means of an air test, and repairs made. 

Proper Venting of Evaporator Tube Nests. Improper 
venting of the evaporator tube nests causes either an accumu- 
lation of air in the tubes, with a loss of capacity, or an ex- 
cessive loss of tube nest steam to the distilling condenser, 
with loss of economy. Troubles of this nature result mostly 
from poor operational procedures rather than from material 
failures. 

Scale Deposits on Evaporator Tubes. During normal 
operating conditions, scale deposits will form on the evap- 
orator tubes of the distilling plant at a certain rate. The 
rate of scaling depends upon the concentrations of suspended 
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matter and carbonate salts present in the sea or fresh water 
used to feed the distilling plant. However, the important 
point to remember is that excessive scaling of the evaporator 
tubes can be caused by improper operation of the distilling 
plant. As a supervisor, or trouble shooter, you should be 
able to recognize the difference between normal and abnormal 
rates of scale formation on the evaporator tubes. 

Oil, mud, and vegetable matter leave an organic deposit, 
which is difficult to remove and interferes with the proper 
operation of the distilling plant. When the ship is passing 
through water where large amounts of oil or mud are present, 
the distilling plant should be secured temporarily until water 
conditions have cleared up. Precautionary measures should 
always be taken to ensure that the water is suitable for use 
as feed water in the distilling plant. Operation of the plant 
with shore- water feed should be kept to an absolute minimum 
because the use of some shore waters causes a tough adherent 
scale to form on the evaporator tubes. 

Feed water treatment and chill-shocking should be con- 
sidered when checking on the procedures used in operating a 
distilling plant. When proper methods are used, scale forma- 
tion can be kept to a minimum, ensuring a maximum output 
of the distilling plant for a longer period of time. The au- 
thorized procedures for boiler compound— cornstarch feed 
water treatment and chill-shocking may be found in chapter 
58 of BuShips Manual. 

The output of the plant is not reduced appreciably by scale 
deposits on the evaporator tubes until the deposits have caused 
a reduction in the first-effect tube nest vacuum to 1 or 2 
inches Hg. When the first-effect tube nest vacuum is lost 
entirely, the reduction in output becomes very great. Assum- 
ing the reduction in vacuum results from scale deposits and 
not from improper operating conditions, the evaporator tubes 
should be cleaned when the tube nest vacuum approaches 
zero. When the plant is operating properly and the evap- 
orator feed water has been treated, the interval between clean- 
ing periods should be at least 6 months. 

As a supervisor, the MMl or C should instruct lower-rated 
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personnel in the proper methods of removing scale from the 
evaporator tubes and from other parts of the distilling plant. 
Evaporator tubes should be scaled mechanically. Acid clean- 
ing by ship's personnel is prohibited. However, when au- 
thorized by BuShips, naval shipyards may use a weak acid 
solution in cleaning the distilling plant. 

The density of the brine discharged overboard should 
never exceed 1.5 thirty-seconds. The brine concentration is 
dependent mainly upon the quantity of brine pumped over- 
board and upon the amount of fresh water produced. If the 
brine concentration is too high, there will be an increase in 
the rate of scaling of the evaporator tubes, and the quality of 
the distillate may be impaired. If the brine concentration 
is too low, there will be a loss in capacity and economy, and 
it will be difficult to obtain proper feeding. Brine density 
must be maintained at the proper value to ensure trouble- 
free operation and maximum output of the distilling plant 
If trouble is incurred in maintaining the proper brine 
density, a material inspection should be made of the brine 
pump and piping system to determine the cause of the 
trouble. 

The brine piping should be kept reasonably clean and the 
amount of scale formation should be known at all times. 
Scale inside the piping is difficult to remove. Advantage 
should be taken of a naval shipyard repair period to have the 
brine lines cleaned out by chemical methods. The valves in 
the brine piping system should be maintained in a satisfac- 
tory operating condition to prevent any interference with 
the operation of the plant. The Macomb strainer, on the 
suction side of the brine pump, should be inspected and 
cleaned at routine intervals to prevent any excessive accumu- 
lation of scale that may result during abnormal operating 
conditions of the plant. 

In accordance with service needs, routine inspections 
should be made of the brine pump to ensure that the pump 
is in a good material condition at all times. Wearing ring 
clearances should be measured and recorded. The pump 
impeller, housing, and associated piping should be inspected 
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for scaling and cleaned as necessary. Pump repairs should 
be made before any defective conditions become serious 
enough to cause unsatisfactory operation of the pump. 

The brine pump gland packing should be inspected and 
renewed periodically. Since the pump suction operates under 
a vacuum, care should be taken to prevent air leaks. The 
packing gland should receive sufficient sealing water, and 
the lantern ring should be in its proper position. Operating 
personnel should be cautioned not to insert any additional 
packing into the pump gland, from time to time, but to 
completely renew the packing each time it becomes necessary 
to make corrections. To ensure that the brine pump is prop- 
erly vented at all times, care should be taken to see that the 
vent line is free from scale deposits which may clog the 
line. In case the pump motor has been overhauled, pre- 
cautions must be taken to see that the direction of rotation 
is correct for the pump. The pump motor should operate 
at its rated speed at all times. 

Draining of Evaporator Tube Nests. Flooding of the 
gage glass on any tube nest drainer is a positive indication of 
poor drainage of that tube nest. However, the fact that 
a level is indicated in the gage glass is not necessarily an 
assurance of proper drainage, because air leaks at the gage 
glass fittings can result in a false liquid level indication. 
When a tube nest is properly drained, the temperature of the 
drains is within 10° to 15° F of the saturated steam tempera- 
ture in the tube nest. It is particularly important to guard 
against poor drainage of evaporator tube nests. Poor 
drainage may result not only in a reduction in the first-effect 
tube nest vacuum (and consequently greater scale formation 
and need for more frequent cleaning), but also in a loss of 
condensate through the tube nest vent lines. 

Adequate inspections should be made to ensure that the 
drain regulators are in a good material condition and that 
the units perform their functions properly. Since the drain 
lines, up to the discharge side of the pump, are under a 
vacuum, precautionary measures should be taken to prevent 
any possible air leaks. 
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To ensure proper operation of the tube nest drain pump, 
the correct preventive maintenance procedures should be 
followed. The tube nest drain pump and the brine pump 
are subject to similar troubles. 

Last-Effect Shell Vacuum 

Schematic diagrams (such as figs. 10-1 and 10-2) in most 
manufacturers' instruction books indicate that a vacuum of 
approximately 26 inches Hg should be obtained in the last- 
effect shell when the initial temperature of the circulating 
water is 85° F, and that the vacuum should be higher when 
the circulating water is colder. 

Failure to obtain a vacuum of 26 inches Hg, or more, should 
first be traced to one of the following factors : elimination of 
air leaks, proper operation of air ejectors, sufficient flow of 
circulating water, and effective use of heat transfer surface 
in the distilling condenser. 

Air Leaks. The importance of the elimination of all air 
leaks cannot be overestimated. Most distilling plant troubles 
result directly from air leaks. Air leaks in the shells of a 
distilling plant cause a loss of vacuum and capacity. Ex- 
treme care should be taken in making up all joints and keep- 
ing them tight. All joints should be tested under pressure 
and shellacked frequently. 

There are several methods in which tests can be made for 
air leakage of the tube nests, heat exchangers, shell, and as- 
sociated piping systems of the distilling plant. When the 
plant is in operation, a candle flame or soapsuds can be used 
to test all joints and similar parts that are under vacuum. 
With the plant secured, air pressure tests can be used on the 
various component parts of the distilling plant. With the 
use of the manufacturer's instruction book, or blueprints, 
the different parts of the plant can be isolated and placed 
under an air test. In the same manner, air leakage may be 
detected by hydrostatically testing the various component 
parts of the plant. When performing air pressure or hydro- 
static tests, precautions should be taken not to exceed the 
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maximum limit of the test pressures specified by the manu- 
facturer's instruction book, or blueprints. 

Proper Operation of Air Ejectors. Faulty air ejector 
operation is most frequently caused by insufficient steam pres? 
sure or wet steam at the air ejector nozzle. During the first 
few months of operation of a new plant, a clogged strainer 
or nozzle may also be responsible for faulty operation of the 
air ejectors. 

If necessary, the air ejector nozzle throats can be cleaned 
by means of the special nozzle reamers furnished each ship 
for this purpose. Ordinary sharp-edged tools should not be 
used for cleaning nozzles (damage will be caused to the sur- 
face and the efficiency of the air ejectors will be impaired). 

A procedure for testing air ejectors will usually be found 
in the manufacturer's instruction book. In general, the same 
maintenance procedures should be followed for air ejectors 
in distilling plants as for air ejectors in main condensers. 

The steam pressure at the nozzle inlet must not be less than 
that for which the air ejector is designed. There may be a 
substantial pressure drop in the steam line and it may become 
necessary to carry a higher steam pressure. If necessary, the 
air ejector steam pressure may be increased as much as 10 to 
15 pm. 

Sufficient Flow of Circulating Water. An insufficient 
flow of circulating water is indicated if the temperature 
rises more than 20° F in passing through the condensing 
section of the distilling condenser. The last-effect shell 
pressure is directly dependent upon the distilling condenser 
vacuum. This vacuum is dependent upon the temperature 
and quantity of the circulating water, and the proper opera- 
tion of the air ejectors. Too low an overboard discharge 
temperature of the distiller condenser circulating water is 
accompanied by capacity and efficiency losses of the distilling 
plant. The overboard discharge temperature should be kept 
as high as possible, without exceeding the desired 20° F 
temperature rise through the distiller condenser. In addi- 
tion, limiting the quantity of circulating water serves to pro- 
long the service life of the condenser tubes and tube sheets. 
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When troubles occur which do not result from improper 
operating procedures, an inspection should be made of the 
condenser circulating water system to determine the cause 
of faulty operation. 

Adequate preventive maintenance procedures should be 
carried out to ensure that the circuating water pump, as well 
as other distilling plant pumps, is maintained in good ma- 
terial condition. Although the circulating water pump does 
not operate under a vacuum, the maintenance and repair pro- 
cedures for this pump are similar to those of the other pumps 
of the plant. 

Routine procedures should be carried out for the inspec- 
tion of the proper setting and maintenance of the back-pres- 
sure regulating valve. If this valve is not functioning prop- 
erly, the valve parts should be replaced, and repairs to the 
valve made before its faulty operation interferes with the 
operation of the distilling plant. 

To ensure that the condenser circulating water system is 
clean and free from scale and foreign material, the piping 
should be inspected and cleaned in accordance with service 
conditions. The operator of the distilling plant should be 
instructed to make periodic inspections and clean the strainer 
before any accumulated foreign matter interferes with the 
proper operation of the system. 

Effective Use of Heat Transfer Surface in Distilling 
Condenser. Failure of the distilling plant to produce nor- 
mal full-load output when the pressure above the orifice is 
5 psi and the first-effect tube nest vacuum is several inches or 
more of mercury always indicates improper drainage of the 
condenser or of one of the evaporator tube nests subsequent 
to the first effect. Complete flooding of the flash chamber 
gage glass is also a positive indication of improper draining 
of the condenser. It should be kept in mind that air leaks at 
the gage glass fittings may result in a false water level. 

A temperature difference of more than 5 to 10° F between 
the temperature of the last-effect shell and the temperature 
of the condensate at the condensate cooler inlet is another 
indication of improper drainage. The fact that this tem- 
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perature difference is in the proper range does not neces- 
sarily indicate proper drainage. 

Scale deposits are unlikely to form inside distilling con- 
denser tubes if the plant is properly operated and a full flow 
of circulating water is maintained. However, if scale de- 
posits occur, the tubes should be cleaned. 

Venting of the vapor side of the distilling condenser is 
continuously accomplished by the air ejectors. Venting of 
the salt-water side of the distilling condenser and other units 
need not be continuous. Precautionary measures should be 
taken to see that the operator of the plant uses proper pro- 
cedures in venting the salt-water side of the condenser. 

Proper operating and maintenance procedures should be 
carried out to ensure that the condensate pump is is good 
material condition at all times. Any malfunction of the 
condensate pump will be reflected in the improper perform- 
ance of the condensate or fresh-water system of the distilling 
plant. 

CARE AND MAINTENANCE OF DISTILLING PLANTS 

Proper operation is an important factor in maintaining 
a distilling plant in good condition, so that the maximum 
output can be obtained at all times. The MMl or C in 
charge of a distilling plant should have a thorough knowl- 
edge of the proper operating procedures, in order to instruct 
and supervise the personnel who operate the plant. In 
addition, the MMl or C should have a good knowledge of 
the required maintenance procedures, tests, and inspections, 
to ensure good material conditions and the correction of 
defects. 

The required detailed information concerning the opera- 
tion, inspections, tests, and repairs for a specific distilling 
plant can be obtained from the manufacturer's instruction 
book, blueprints, or chapter 58 of BuShips Manual. 

Trouble Shooting on a Distilling Plant 

When troubles occur during the operation of a distilling 
plant, the MMl or C in charge of the plant should be notified. 
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If the cause of the trouble is not known, steps should be taken 
to locate the cause, and to make the necessary corrections or 
repairs. In general, most distilling plant troubles can be 
located and corrected by properly trained operating person- 
nel. In cases where troubles are of a difficult nature, such as 
low output, the MMl or C should take an active part as a 
trouble shooter in inspecting and detecting the cause of the 
trouble. 

When supervising the operation of a distilling plant, the 
MMl or C should check the daily operating records. By 
checking the various temperature and pressure readings, 
he can detect any abnormal readings, and unsatisfactory 
material conditions can be corrected. In order to obtain 
reliable readings, the thermometers and gages must be main- 
tained in good condition at all times. If proper precau- 
tionary procedures are not used, troubles may accumulate, 
or exist for a long time, until they finally cause malfunc- 
tioning and a possible shutdown of the plant for major 
repairs. The supervisor is also responsible for seeing that 
a good preventive maintenance program for the distilling 
plant is carried out. 

When distilling plant troubles occur, the first step to take 
is to check the readings of the various thermometers and 
gages. These readings should be checked against the pre- 
vious hourly reading entered in the operating record. As a 
rule, an erratic or abnormal reading will indicate trouble in 
one of the seven different circulating systems, or in a com- 
ponent part of the distilling plant. With the aid of the 
manufacturer's instruction book and drawings, all possible 
troubles that may occur in the isolated system, or part, and 
that will produce the same abnormal readings, should be 
noted. Each item on this list of probable troubles should 
then be checked by means of a detailed inspection. The items 
that involve the least amount of work, or dismantling, should 
be inspected first. This procedure of inspections and tests 
of individual units of a system, or the major parts of a distill- 
ing plant, should be continued until the cause of the trouble 
has been located. 
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There may be times when all component parts of a system 
under investigation will be in good condition. This may be 
confusing to inexperienced personnel. However, the trouble 
shooter should start again and recheck the probable causes 
of the trouble. With the additional knowledge gained from 
the inspections and tests that were made, the trouble shooter 
can reconsider the symptoms of the trouble. It is possible 
that troubles existing elsewhere in the system may cause simi- 
lar results. 

One of the most common troubles with distilling plants is 
a low output. In many cases, this type of trouble is the most 
difficult to locate because it depends upon various factors. 
In any attempt to locate the causes for low output, both the 
operational procedures and the material conditions must be 
carefully investigated. Low output may result either from 
an accumulation of troubles or from unsatisfactory condi- 
tions. In checking on the numerous possibilities which may 
cause a low output of the distilling plant, a systematic pro- 
cedure should be followed. The investigation should not be 
stopped when one unsatisfactory condition is found, but con- 
tinued until all possible troubles have been carefully checked. 
Continuous trouble with a low distilling plant output can 
usually be traced to inexperienced operating personnel and 
to inadequate preventive maintenance procedures. 

Distilling Plant Repairs 

Under normal conditions, only a small amount of repair 
work will be necessary in maintaining a distilling plant in 
good operating condition. At least once every 6 months 
(preferably every 3 months), each pump should be dis- 
mantled and an inspection made of the wearing rings, im- 
peller, shaft, and bearings. At the same time the pump 
should be completely repacked. Precautionary measures 
should be taken to inspect the various pumps in sufficient 
time so that defective conditions can be corrected before the 
operation of the pump is impaired. The full allowance of 
repair parts should be maintained on board at all times. Ad- 
vantage should be taken of tender and naval shipyard repair 



345 



periods, to have repairs made which are considered beyond 
the capacity of the ship's force. 

Valves and piping should be kept in good condition by 
means of inspections and tests, and by making necessary 
repairs. Salt-water valves, such as the back pressure valve, 
will require frequent inspections and more maintenance work 
than other valves. Where a distilling plant has been in 
operation for a number of years, new sections of salt-water 
lines may have to be manufactured by a repair activity. It 
is better, and more economical, to renew an entire pipeline 
instead of only one or two bad sections of that line. 

In case of a leak in a heat exchanger, the defective tube(s) 
should be located by means of an air pressure or a hydro- 
static test, in accordance with the recommended procedure 
in the manufacturer's instruction book. Blueprints should 
also be used to study the construction details of the individual 
heat exchanger. Since small leaks may be difficult to locate, 
tests should be carefully made (preferably by experienced 
personnel). As soon as a leaky tube has been located, it 
should be plugged at both ends. Special composition plugs, 
which are provided in the allowance of repair parts, should 
be used. The data regarding the number and location of 
plugged tubes should be entered on the Machinery History 
Card for the unit of the distilling plant. 

Since plugging the tubes reduces the amount of heating 
surface, the heat exchanger will fail to give satisfactory per- 
formance after a number of tubes have been plugged. It will 
then become necessary to retube the heat exchanger. Under 
normal conditions, this work should be accomplished at a 
naval shipyard. 

A complete record of the number of plugged tubes in a 
heat exchanger should be maintained, so that a repair item 
can be carried in the Current Ship's Maintenance Project 
(CSMP) for a retubing job at the next routine naval ship- 
yard overhaul period. 

Repairs of this nature should be made, whenever possible, 
by tenders or repair ships, or at advanced bases. However, 
repair parts and a number of special tools are included in 
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the ship's allowance list, so that emergency repairs can be 
made to the heat exchangers and other parts of the distilling 
plant. 

A check-off list should be made for all zincs installed in the 
various parts of the distilling plant. This check-off list will 
help to ensure a proper maintenance procedure for the clean- 
ing and replacement of zincs. Failure to replace the zincs 
properly may make major repairs necessary. 

SUMMARY 

The MMl and G must be familiar with the operation, 
maintenance, and repair of the types of distilling plants 
commonly used in the Navy. 

You may be assigned as a supervisor in charge of a dis- 
tilling plant ; in this case, you must be able to instruct and 
supervise personnel in the proper operating procedures and 
in routine maintenance work. A good preventive mainte- 
nance program should be carried out to ensure trouble-free 
performance of the plant. When called upon, the MMl 
or C should be capable of locating the cause of any major 
distilling plant trouble, and should perform or recommend 
the necessary repairs. 

QUIZ 

1. A 30,000 gpd installation is classified as what type of distilling 
plant? 

2. Who is responsible for locating the trouble and making the neces- 
sary repairs to the distilling plant? 

S. If the normal amount of steam at the proper pressure is not 
supplied to the plant, what trouble results? 

4. What first-effect tube nest pressure range should be maintained 
within a distilling plant? 

5. Why should the vacuum Inside the first-effect tubes be as high 
as possible? 

6. What 5 primary factors affect the first-effect tube nest vacuum? 

7. What kind of losses will be caused by air leaks from the steam 
side of the first-effect tube nest to the first-effect shell space? 

8. A check for possible air leakage into the generating steam circuit 
can be readily made by what means? 
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9. What causes an accumulation of air in the evaporator tubes or 
an excessive loss of tube nest steam to the distilling condenser? 

10. What effect will scale deposits have on the evaporator tubes 
when the vacuum aproaches zero? 

11. If a reduction in vacuum has resulted from scale deposits and not 
from improper operating conditions, when should the evaporator 
tubes be cleaned? 

12. What is the maximum allowable density of the brine discharged 
overboard? 

13. What is a positive indication of poor drainage of an evaporator 
tube nest? • 

14. Most of the operating troubles of a low-pressure plant can be 
traced directly to what source? 

15. What are the most common causes of air ejector troubles? 

1(1. Air ejector nozzle throats are cleaned, when necessary, by what 
means? 

17. The last-effect shell pressure is directly dependent upon what 
factor? 

18. When are scale deposits inside distilling condenser tubes unlikely 
to occur? 

10. Who is generally responsible for checking the daily operating 
records of a distilling plant? 

20. When distilling plant troubles occur, what step should be taken 
first? 

21. In attempting to locate the causes for a low output, what most 
be carefully investigated? 

22. How often should the wearing rings of pumps be inspected? 

23. If there is a leak in a heat exchanger, how may the defective 
tubes be located? 

24. Under normal conditions, the retubing of a heat exchanger should 
be accomplished by what personnel? 
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REFRIGERATION MAINTENANCE AND REPAIR 

On Navy vessels the proper operation, maintenance, trou- 
ble shooting, and repair of refrigeration systems are major 
responsibilities of First Class or Chief Machinist's Mates. 

This chapter deals with the maintenance of a Freon-12 
system, giving special emphasis to compressors, condensers, 
expansion valves, switches, and trouble shooting. 

MAINTENANCE OF THE FREON-12 SYSTEM 
Checking the System 

To ensure proper care and operation of the refrigeration 
system, it is necessary to make systematic tests, inspections, 
and checks. It is good engineering practice to make an 
hourly check of all temperatures and pressures throughout 
the system and of the oil level in the compressor crankcase. 

One of the best methods for checking plant operation is to 
compare the temperatures and pressures of the plant with 
corresponding temperatures and pressures which were re- 
corded during a period when the plant was known to be op- 
erating properly. The accuracy of the comparison will 
depend on the similarity between conditions existing when 
each set of readings was taken. 

A daily operating log for refrigeration equipment should 
be maintained and used as a guide for a continuing analysis 
of the operating conditions found in a refrigeration plant. 
A typical log is shown in figure 11-1. "Machine room tem- 
perature," 'Seater supply," and "weather" are influencing 
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conditions, and a record of them is desirable for comparative 
results. Where variable speed compressor operation is pos- 
sible for a proper interpretation of results, "compressor 
speed" must be recorded. Other column heads represent 
operating results. 

An inspection should be conducted, at least monthly, for 
testing belt tension and refrigerant leakage. At the same 
time, refrigerator door gaskets, coils, and control contacts 
should be inspected and condensers checked for cleanliness. 

The ice cream units, refrigerators, drinking water coolers, 
etc., should be inspected daily. 

Charging Hie System 

Information concerning the charging of Freon-12 systems 
may be found in chapter 59, section 118, of BuShips Manual. 
The amount of Freon-12 charge must be sufficient to main- 
tain a liquid seal between the condensing and evaporating 
sides. When the low-pressure switch stops the compressor, 
the liquid receiver of a properly charged system is generally 
about 85 percent full of Freon-12. Freon-12 charge neces- 
sary for an individual plant is usually stated in the plant 
instruction book or on the ship's drawings. 

The system must not be recharged until all leaks are found 
and completely repaired. Immediately following, or during, 
the process of charging, the system should be carefully 
checked for leaks. 

Remember that a refrigeration system should have an 
adequate charge of refrigerant at all times; otherwise its 
efficiency and capacity will be impaired. 

Opening a Charged System 

Whenever it becomes necessary to open a fully charged 
system for repair purposes, the final evacuation should be 
to a pressure slightly above atmospheric pressure (1 to 2 psi 
gage), to prevent air from entering the system. If the gage 
reading drops to zero, or below, sufficient refrigerant should 
be admitted to the evacuated part to raise the pressure to 
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between 1 and 2 psi gage. Connections may then be broken 
and the necessary repairs made. If more than a few minutes 
must elapse after the connections are broken, the open ends 
of the system should be plugged. 

When reconnecting the evacuated part to the system, make 
one joint first and blow out the part under investigation, 
with gas from the system, then quickly finish making up the 
other joint. 

i 

Purging Air From the System 

Operate the system for 30 minutes. Observe the pressure 
and temperature as indicated on the high-pressure Freon 
gage. Read the thermometer in the liquid line, and compare 
it with the temperature conversion figures shown on the dis- 
charge pressure gage. If the temperature of the liquid leav- 
ing the receiver is more than 15° F lower than the tempera- 
ture corresponding to the discharge pressure, the system 
should be purged. While the system is still operating, 
slightly open the purge valve on the condenser. Purge very 
slowly, at intervals, until the air is expelled from the system 
and the temperature difference drops below 15° F. 

Moisture Precautions 

Preventing the entrance of air into the refrigeration sys- 
tem eliminates the necessity of purging the condenser ; but it 
is also very important to prevent moisture from entering 
the system. Moisture can mix with oil to form a sludge that 
will prevent automatic controls from functioning; it can 
condense and freeze at the orifices of the thermal expansion 
valves and cause the valves to stick open; it may cause the 
bellows to become brittle under cyclic stress ; and it may cause 
corrosion of the internal surfaces of the system. 

Testing for Leaks 

During the regular monthly inspection of refrigerating 
equipment, the system should be checked for leakage of re- 
frigerant. However, you should always be on watch for ab- 
normal log readings or unusual operating conditions which 
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would indicate a shortage of refrigerant ; such an indication 
necessitates testing the entire system for leaks. The following 
are symptoms of shortage of refrigerant or leaks : 

1. High suction line temperatures. 

2. Crankcase and cylinder temperatures relatively high, 
with low suction pressure. 

3. Liquid line refrigerant temperature too high. 

4. Bubbles in the refrigerant sight flow indicator. 

5. Liquid refrigerant carrying partially through the coil, 
with considerable superheat at thermal element location. 

6. Compressor running continuously. 

7. Excessive oil seepage at shaft seal connection. 

8. Oil seepage at refrigerant system piping and com- 
pressor connections. 

There are two methods of testing a refrigerating system 
for leaks— the halide torch method and the soapsuds method. 
Your choice of method will depend, among other things, 
upon the size of the leak and the ventilation of the space. 
A halide torch should never be used in magazines. 

Halide Torch. The most positive method of detecting 
leaks in Freon-12 systems is by use of the halide torch (fig. 
11-2) . Atmosphere suspected of containing Freon-12 vapor 
is drawn by injector action through an exploring hose into 
the torch burner. The air passes over the copper reactor 
plate, which is heated to incandescence. If there is a minute 
trace of Freon-12 present, the torch flame will change from 
its normal blue, or neutral color, to a characteristic green 
color as it comes in contact with the reactor plate. The 
shade of green will depend upon the relative amount of 
Freon-12 present, being pale for small concentrations and 
dark for heavier concentrations. Excessive quantities of 
Freon-12 color the flame a vivid purple, and may even extin- 
guish it by driving out the supply of oxygen in the air. 

Of the several types of halide torches available, most 
employ acetylene gas or alcohol as a fuel. The prest-o-lite- 
torch has been found to be satisfactory for the detection of 
Freon-12 leaks. If a pump pressure type of alcohol-burning 
torch is used, care must be taken that the air pumped into 
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the tank is pure. To obtain good results in using the halide 
leak detector, (he following precautions must be observed: 




Figure 11-2. — Prest-O-Lite halide leak detector. 

L Be sure that the reactor plate is in place. 

2. Adjust the flame low enough so that it does not extend 
appreciably beyond the end of the burner. (A small flame 
is much more sensitive than a large flame. If difficulty is 
experienced in lighting the torch when adjusted to produce 
the necessary small flame, block the end of the exploring 
hose until the flame ignites, then gradually open. However, 
don't use the torch if the atmosphere is heavily contaminated 
with Freon-12.) 
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3. If the flame persists in burning with a white or yellow 
color, the exploring tube is partially blocked with dirt and 
should be cleaned out. 

4. Check to see that air is being drawn ; this can be done 
by holding the end of the tube to the ear from time to time. 

5. Hold the exploring tube close to the joint being tested; 
to prevent dilution of the sample by stray air currents. 

6. Move the end of the exploring hose slowly and com- 
pletely around each joint. Leak testing cannot safely be 
hurried. There is a definite time lag between the moment 
when air enters the exploring hose and the moment it reaches 
the reactor plate. 

7. If a greenish flame is noted at any time, repeat the 
test in the same vicinity until the source of the Freon-12 is 
determined. If necessary, use soap bubbles to find the exact 
point at which a leak is occurring. 

8. After a system has been operated, the lubricating oil 
circulates with the refrigerant in the system and where a leak 
exists, the oil usually collects on the exterior of the piping 
joints, etc., indicating the approximate location of system 
leaks. This oil must be carefully removed before the halide 
detector is used to determine the exact location of the leakage. 

9. Always follow a definite procedure in testing for leaks, 
so that no joints will be missed. Be sure that you locate every 
leak ; even a very small leak is not to be considered negligible. 
The extra time spent in testing all threaded, flared, soldered, 
welded, and valve cap gasket joints will be justified. 

10. The system must never be recharged until all leaks 
are discovered and definitely repaired. Upon locating one 
leak, retest the system for other possible leaks. 

Soapsuds. A halide torch is so sensitive that it is useless 
if the atmosphere is contaminated by excessive leakage of 
Freon-12. This is most likely to happen in a small or poorly 
ventilated compartment. In such a case, the soapsuds test 
must be used. 

Prepare the soap-and-water solution so that it has the con- 
sistency of liquid hand soap, and will work up a lather on a 
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brush. The lather will remain wet for a longer period if a 
few drops of glycerin are added to the solution. 

Apply the lather all the way around the joint, and then 
look carefully for bubbles. If a joint is so located that a part 
of it is not visible, use a small mirror to inspect it. Remem- 
ber that it sometimes takes as long as a minute or more for 
bubbles to appear, if the leak is small. Doubtful spots 
should be lathered and examined a second time. 

Pressure Testing for Tightness 

Pressure testing for tightness is generally performed for 
new installations by refrigeration repair personnel at naval 
shipyards or aboard repair ships. When such testing is in- 
dicated, refer to chapter 59 of BuShips Manual for the proper 
procedures. 

Dehydration and Evacuation of the System 

Where moisture accumulation must be corrected, the sys- 
tem should first be cleared of refrigerant and air. The time 
required for these processes will depend upon the size of the 
system and the amount of moisture present. It is good en- 
gineering practice to circulate heated air through the dehy- 
drator and system for several hours, or as long as the dehy- 
drator drying agent remains effective, before proceeding 
with the evacuation process. If possible, the dehydrated air 
should be heated to about 240° F. 

Large dehydrators, suitable for preliminary dehydration 
of Freon-12 systems, are usually available at naval ship- 
yards, and aboard tenders and repair ships. 

After the preliminary dehydration, remaining moisture is 
evacuated by means of a two-stage high-efficiency vacuum 
pump having a vacuum indicator. (These vacuum pumps 
are available aboard tender and repair ships.) 

The vaccum indicator shown in figure 11-3 consists of an 
insulated test tube containing a wet bulb thermometer with 
its wick immersed in distilled water. The indicator, or a 
mercury column, is connected in the vacuum pump suction 
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line. The suction line from the vacuum pump is connected to 
the Freon-12 charging connection in the refrigeration sys- 
tem. The refrigerant circuit should be closed to the atmos- 
phere and the charging connection opened to the vacuum 
pump. 
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Figure 11—3. — Dehydrator vacuum indicator. 
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A two-stage pump is started for operation in parallel so 
that maximum displacement may be secured during the 
initial pump-down stages. When the indicator shows a 
temperature of about 55° F (0.43 inch Hg, absolute), the 
pumps are placed in series operation (wherein the discharge 
from the first step enters the suction of the second step 
pump) . The dehydration process will be reflected in the tem- 
perature drop of the vacuum indicator, as shown in figure 
11-4. Readings will initially reflect ambient temperatures, 
then show rapidly falling temperatures until the water in 
the system starts to boil. 

^STEP MO. 2- ADMITTANCE Of DRY AIR 
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Figure 11-4. — Vacuum indicator readings plotted during dehydration. 



When most of the evaporated moisture has been evacuated 
from the system, the indicator will show a decrease in temper- 
ature. When the temperature reaches 35° F (0.2 inch Hg, 
absolute) , open the system at a point farthest from the pump; 
at this point, air should be drawn into the system through 
a chemieal dehydrator, and meanwhile the pump should be 
operated to permit dilution of moisture present in the system. 
Close off the opening and re-evacuate until the indicator 
again shows a temperature of 35° F. At this point the de- 
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hydration process is complete; close the charging valve and 
then stop the pump. 

Sometimes it will be impossible to obtain a temperature as 
low as 35° F in the vacuum indicator; the probable reasons 
for such a failure, and the corrective procedures to take, are 
as f ollow8 : 

1. Presence of excess moisture in the system. The dehy- 
dration procedure should be conducted for longer periods. 

2. Presence of absorbed refrigerant in the lubricating oil 
contained in the compressor crankcase. Remove the lubri- 
cating oil from the crankcase before proceeding with the 
dehydration process. 

3. Leakage of air into the system. The leak must be 
found and stopped. It will be necessary to repeat the proce- 
dure required for detecting leaks in the system. 

4. Inefficient vacuum pump or defective vacuum indi- 
cator. The defective unit(s) should be repaired or replaced. 

Reactivation of D •hydra tor Drying Agent 

Immediately after each period of use, or after the system 
has been opened for repairs, the drying agent in the dehy- 
drator should be reactivated to remove traces of moisture 
introduced with the lubricating oil or refrigerant. This 
procedure is necessary to protect the drying agent (which 
would disintegrate if it should remain saturated with water) , 
and to assure that the dehydrator will always be ready for 
use when required. 

Reactivation is accomplished by removing the drying agent 
and heating it, for several hours, to a temperature of 250° to 
300° F to bake out the moisture. The drying agent may be 
placed in an oven, or a stream of hot air may be circulated 
through the cartridge. These methods are satisfactory for 
reactivating commonly used dehydrating agents such as 
activated alumina, calcium sulfate, and silica gel. Where 
special drying agents are employed, they should be reacti- 
vated in accordance with specific instructions furnished in 
the instruction booklets. After reactivation, the drying 
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agent should be replaced in the dehydrator shell and sealed 
as quickly as possible, in order to prevent absorption of 
atmospheric moisture. When the drying agent becomes 
badly fouled or saturated with lubricating oil, it must be 
replaced by a fresh spare charge, or dehydrator cartridge, 
taken from a sealed container. 

Remember that the dehydrators permanently installed 
in Freon-12 systems for naval vessels are designed to remove 
only the minute quantities of moisture unavoidably intro- 
duced into the system. Extreme care must be taken to pre- 
vent moisture, or moisture-laden air, from entering the 
system. 

Cleaning of Systems 

Systems may accumulate dirt and scale as a result of im- 
proper techniques used during repair or installation. If 
such dirt is excessive and a tank-type cleaner is available, 
connect the cleaner to the compressor suction strainer. 
Where such a cleaner is not available, a hard wool felt filter, 
about % 6 -inch thick, should be inserted in the suction strainer 
screen. The plant should be operated with an operator in 
attendance, for at least 36 hours or until cleaned, depending 
upon the size and condition of the system. 

COMPRESSORS 
V-Belt Drive 

Belts must be properly tightened. Excessive looseness 
will cause slippage, rapid wear, and deterioration of V-belts. 
On the other hand, a belt that is too tight will result in ex- 
cessive wear of both the belt and main bearing of the com- 
pressor. In extreme cases it may cause a bad seal leak. If 
a belt is properly tightened, it should be possible to depress 
it, by the pressure of one finger, as much as y 2 to % inch, 
at a point midway between the flyweel and motor pulleys. 

When replacement of one belt of a multiple V-belt drive 
is necessary, a complete new set of matched belts should be 
installed. Belts stretch considerably during the first few 
hours of operation. Replacement of a single belt will upset 
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the lead balance between the new and old belts and be a poten- 
tial source of trouble. It is better practice to run the unit 
temporarily with a defective belt removed than to attempt 
to operate a new belt in conjunction with two or more 
seasoned belts. 

V-beits, motor pulleys, and compressor flywheels should be 
kept dry and free of oil. Belt dressing should never be used. 

Checking Compressor Oil 

If the apparent oil level observed immediately after a pro- 
longed shut-down period is lower than normal, it is almost 
certain that the actual working oil level is far too low. After 
a sufficient quantity of oil has been added to raise the appar- 
ent oil level to the center of the bull's-eye sight glass, on 
the side of the compressor, the actual oil level should be 
checked as follows : 

1. Operate the compressor on manual control for at least 
one hour. Then slowly close the suction line stop valve. 
If the compressor is operating on a water cooler or other coil 
which is apt to freeze, observe the temperature and interrupt 
compressor operation as necessary to prevent freezing. 
Repeat cycling until the total running time (one hour) is 
obtained. 

2. Stop the compressor, turn the flywheel until the 
crankshaft and connecting rod ends are immersed in the lu- 
bricating oil, and immediately observe the oil level in the 
sight glass. 

To check the oil level when the compressor has been run- 
ning on its normal cycle, with no abnormal shut-down, pro- 
ceed as follows : 

1. Wait until the end of a period of operation; if the 
operation is continuous, wait until the compressor has been 
in operation at least ifa hour. 

2. As soon as the compressor stops, turn the flywheel 
until the crankshaft and connecting rod ends are immersed 
in the lubricating oil, and observe the oil level in the sight 
glass. 
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Do not remove oil from the crankcase because of an ap- 
parent high level unless it is known that too much oil has 
been previously added, or unless it is apparent that oil from 
the crankcase of one compressor of the plant has been inad- 
vertently deposited in the crankcase of another. 

However, if the oil level is lower than its recommended 
height on the glass, additional oil should be added. Do not 
add more oil than is necessary to obtain the desired level. 
Too much oil can result in excessive oil transfer to the cool- 
ing coils. 

Adding Oil. There are two common methods of adding 
oil to a compressor. In one type of installation a small oil- 
charging pump is furnished for adding oil to the compressor 
crankcase. In another type, oil is placed in the compressor 
by means of a clean, well-dried funnel. In either case, care 
must be taken to prevent the entrance of air or foreign matter 
into the compressor. 

When performing hourly checks of the compressors, you 
may observe no oil in the crankcase, or a very low oil level on 
the sight glass. This indicates that the oil has left the com- 
pressor and is circulating in the system, and it will be neces- 
sary to add oil to the normal level and operate the system. 
After the compressor has reclaimed the excessive oil in the 
system, the excess oil should be drained. 

Removing Oil. To remove oil from the compressor crank- 
case, reduce the pressure in the crankcase to approximately 
1 psi by gradually closing the suction line stop valve. Then 
stop the compressor, close the suction and discharge line 
valves, loosen the lubricating oil drain plug near the bottom 
of the compressor crankcase, and allow the required amount 
of oil to drain out. Since the compressor crankcase is under 
a slight pressure, do not fully remove the drain plug from 
the compressor, but allow the oil to seep out around the 
threads of the loosened plug. When the desired amount of 
oil has been removed, tighten the drain plug, open the suction 
and discharge line valves, and start the compressor. If an 
oil drain valve is provided in lieu of a plug, the required 
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amount of oil may be drained without the necessity of pump- 
ing down the compressor. 

Renewing Lubricating Oil Charge. When clean copper 
tubing is employed for the Freon-12 mains and evaporators, 
and reasonable care has been taken to prevent the entrance 
of foreign matter during installation, the oil in the com- 
pressor crankcase will probably not become sufficiently con- 
taminated to require renewal. When iron or steel pipe and 
fittings are used in the Freon-12 system, a sample of oil 
from the compressor crankcase should be withdrawn into a 
clean glass vessel every three months. If the sample shows 
contamination, the entire lubricating oil charge should be 
renewed. It is good practice to check the cleanliness of the 
lubricating oil after each cleaning of the compressor suction 
scale trap. 

Testing Compressor Internal Discharge and Suction Valves 

A Freon-12 compressor should not be opened for valve 
inspection or replacement until it has been definitely deter- 
mined that the faulty operation of the system is due to the 
improper functioning of the valves. Faulty compressor 
valves may be indicated by a gradual or by a sudden decrease 
in the normal compressor capacity. Either the compressor 
will fail to pump at all, or else the suction pressure cannot 
be pumped down to the designed valve, and the compressor 
will run for abnormally long intervals or even continuously. 
If the compressor shuts down for short periods, the com- 
pressor valves may be leaking. 

If the refrigeration plant is not operating satisfactorily, 
it will be best to first shift the compressors and then check 
the operation of the plant. If the operation of the plant is 
satisfactory when the compressors have been shifted, this in- 
dicates that the trouble was with the compressor. However, 
if faulty operation of the plant is still indicated after the 
compressors have been shifted, the trouble is in the system, 
and not in the compressor. 

The compressor discharge valves may be tested by pump- 
ing down the compressor to 2 psi gage, and then stopping the 
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compressor and quickly closing the suction and discharge line 
valves. If the discharge pressure drops at a rate in excess of 
3 pounds in a minute and the crankcase suction pressure rises, 
there is evidence of compressor discharge valve leakage. If 
it is necessary to remove the discharge valves with the com- 
pressor pumped down, open the connection to the discharge 
pressure gage in order to release discharge pressure on the 
head. Then remove the compressor top head and discharge 
valve plate, being careful not to damage the gaskets. 

If the discharge valves are defective, the entire discharge 
valve assembly should be replaced. Any attempt to repair 
them would probably involve relapping, and would require 
highly specialized equipment. Except in an emergency, such 
repair should never be undertaken aboard ship. 

The compressor internal suction valves may be checked for 
leakage as follows : 

1. Start the compressor by using the manual control 
switch on the motor controller. 

2. Close the suction line stop valve gradually, to prevent 
violent foaming of the compressor crankcase lubricating oil 
charge. 

3. With this stop valve closed, pump a vacuum of ap- 
proximately 20 inches Hg. If this vacuum can be readily 
obtained, the compressor suction valves are satisfactory. 

Do not expect the vacuum to be maintained after the com- 
pressor stops, because the Freon-12 is being released from the 
crankcase oil. Do not attempt to check compressor suction 
valve efficiency of new Freon-12 units until after the com- 
pressor has been in operation for a minimum of three days. 
It may be necessary for the valves to wear in. 

However, if any of the compressor suction valves are de- 
fective, the compressor should be pumped down, opened, 
and the valves inspected. Defective valve (s) or pistons 
should be replaced with spare assemblies. 

Repair of Compressors 

If the compressor is damaged to such an extent that it can- 
not be operated, it will be necessary, before opening the unit 
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for repairs, to close the suction and discharge stop valves 
and permit the refrigerant in the compressor to escape to the 
atmosphere through gage lines or purge valves. 

Before opening an operating compressor for examination 
or repair, it is necessary to pump down the system. To pump 
Freon-12 out of the compressor, proceed as follows : 

L Close the suction stop valve. 

2. Make certain that the compressor discharge valve is 
open. 

3. Start the compressor and let it run on manual control 
until a slight vacuum is obtained. 

4. Stop the compressor and immediately close the dis- 
charge stop valve. If the pressure indicated by the suction 
gage rises rapidly to 15 psi, or more, above zero pressure, 
there is still a considerable amount of Freon-12 in the crank- 
case. In this case, start the compressor with the manual 
control switch, and gradually close the suction valve. When 
the valve is completely closed, let the compressor run until 
the maximum vacuum is obtained. 

5. After the vacuum is pumped, wait until the pressure 
builds up to 2 or 3 pounds above zero pressure before opening 
any part of the compressor or its connections. 

6. Before proceeding with any work on the compressor, 
see that the switch is open, and fuses removed. 

Disassembly. Before dismantling a compressor, make 
certain that the faulty operation of the installation is not 
caused by trouble in some other part of the system. Dis- 
mantle only the part of the compressor necessary to correct 
the fault. 

Never open any part of the compressor unless the gage indi- 
cates a positive pressure inside the system. Unless this pre- 
caution is taken, moisture-laden air may enter the system. 

As soon as internal machined parts (valves, pistons, shaft 
seal, crankcase) are removed, wrap them in clean paper to 
protect them from corrosion or other damage. 

When disassembling the compressor, be careful not to in- 
jure the gaskets. When reassembling, use gaskets of identi- 
cal thickness and material — the thickness determines the 
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clearance between the top of the compressor pistons and the 
discharge valve plate. 

Compressor parts should be carefully marked when dis- 
assembled so that each part removed will be replaced in its 
original position when reassembled. 

To disassemble or reassemble the compressor, use only the 
tools specified for the particular operation involved. 

Reassembly. Before a compressor is reassembled, all 
parts — including replacement parts — should be carefully 
washed in carbon tetrachloride and permitted to dry in air. 
The final rinse should be made with clean carbon tetrachlo- 
ride. Using chamois or hard, lint-free cloth facilitates clean- 
ing. Care should be taken to prevent dirt, lint, water, or 
other foreign matter from entering the compressor during 
reassembly. 

Replacement op Parts. Where necessary to remove, re- 
place, or repair internal parts of the compressor, the manu- 
facturer's instruction book should be consulted. The 
following precautions should be observed : 

1. Carefully disassemble and remove parts, noting the 
correct relative position so that errors will not be made upon 
reassembly. 

2. Inspect all parts that have been made accessible by 
removal of the parts requiring repair or replacement. 

3. Make certain that all parts and surfaces are free of 
dirt and moisture. 

4. Apply compressor oil freely to all bearing and rubbing 
surfaces of parts being reinstalled. 

5. Place the pistons on the proper rods, facing in the same 
direction as they did originally. 

6. If the compressor is splash-lubricated, see that the oil 
dipper on the lower connecting rod bearing is in correct posi- 
tion for dipping up oil when the machine operates. 

7. Position the ends of the piston rings so that alternate 
joints come on opposite sides of the piston. 

8. Remove the oil ; clean the gasket surfaces and replace 
old gaskets with new ones. 

9. Clean the crankcase and provide a fresh charge of oil 
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Evacuation of Air Aftor Repair 

Whenever repairs to a compressor are of such a nature that 
any appreciable quantity of air enters the unit during repairs, 
the compressor should be evacuated, after reassembly is 
completed, as follows : 

L Open wide to the atmosphere a discharge pressure gage 
line, or other connection in the compressor discharge line, 
ahead of the discharge line stop valves. 

2. Start the compressor and let it run until the greatest 
possible vacuum is obtained. 

3. Stop the compressor and immediately open the suction 
stop valve slightly in order to blow Freon-12 through the 
compressor valves and purge the air above the discharge 
waives through the open gage line. Then close the discharge 
gage line and open the discharge line stop valve. Remove all 
oil from the exterior of the compressor, particularly the 
joints, and test all compressor joints for leakage, using the 
halide leak detector. 

CONDENSERS 

The compressor discharge line terminates at the refriger- 
ant condenser. In shipboard Freon-12 installations, these 
condensers are usually of the multipass shell-and-tube type, 
with water circulating through the tubes. The tubes are ex- 
panded into grooved holes in the tube sheet so as to make an 
absolutely tight joint between the shell and the circulating 
water. Refrigerant vapor is admitted to the shell, and con- 
denses on the outer surfaces of the tubes. 

Any air which may accidentally enter the refrigeration 
system will be drawn through the piping and eventually dis- 
charged into the condenser with the Freon-12 gas. The air 
accumulated in the condenser is lighter than the refrigerant 
gas and will rise to the top of the condenser when the plant 
is shut down. A purge valve, for purging accumulated air 
from the refrigeration system when necessary, is installed at 
the top of the condenser, or at a high point in the compressor 
discharge line. 



367 



Checking the Water-Cooled Condenser for Performance 

An over-all check for water-cooled condenser performance 
may be used after, and only after, the condenser has been 
properly purged. After the condition of the condensing sur- 
face has been determined, make preliminary preparations to 
the system as outlined in the procedure, discussed earlier in 
the chapter, used to check for noncondensable gases. Then 
proceed as follows : 

1. Record the condensing temperature which corresponds 
to the pressure in the condenser, while the compressor is in 
operation. 

2. Record the temperature of the water leaving the con- 
denser. 

3. Subtract the temperature of the water leaving the con- 
denser from the condensing temperature obtained in (1). 
The temperature of the water leaving the condenser will be 
several degrees below the condensing temperature of pure 
Freon-12. 

4. Clean the water side of the condenser, if the difference 
between the temperature of the outlet circulating water and 
the temperature corresponding to the condensing pressure in- 
creases 5° to 10° F above the temperature difference obtained 
when the condenser was in good condition and operating 
under similar heat loads, and if this difference is not caused 
by an overcharge of refrigerant or noncondensable gases. 

Cleaning of Condenser Tubes 

In order to clean the condenser tubes properly, it is neces- 
sary first to drain the cooling water from the condenser and 
then to remove the water connections and water chests. 
When the water chests are removed, be careful not to damage 
the gaskets between the tube sheet and the water side of the 
water chest. Tubes should be inspected as often as prac- 
ticable and be cleaned as necessary by the use of an approved 
method for cleaning steam condenser tubes, as stated in chap- 
ter 46 of BuShips Manual. Rubber plugs and an air or 
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water lance should be employed when necessary to remove 
foreign deposits. It is essential that the tube surfaces be 
kept clear of particles of foreign matter ; however, care must 
be taken not to destroy the thin protective coating of cor- 
rosion products on the inner surfaces of the tubes. If the 
tubes become badly corroded, they should be replaced in order 
to avoid the possibility of losing the Freon-12 charge and 
admitting salt water to the Freon-12 system. 

Cleaning Air-Cooled Condensers 

Although the large Freon-12 plants are equipped with 
water-cooled condensers, auxiliary units are commonly pro- 
vided with air-cooled condensers, and this eliminates the 
necessity for circulating water pumps and piping. 

The exterior surface of the tubes and fins on an air-cooled 
condenser should be kept free of dirt or any matter that might 
obstruct heat flow and air circulation. The finned surface 
should be brushed clean with a stiff bristle brush as often as 
necessary. When installations are exposed to salt spray and 
rain through open doors or hatches, care should be taken to 
minimize corrosion of the exterior surfaces. The finned 
surface is usually coated with solder and should never be 
painted ; it may be retinned if necessary. 

Testing For Looks 

To prevent serious loss of refrigerant through leaky con- 
denser tubes, the condenser should be tested for leakage once 
every two weeks. The test should always be conducted on 
a condenser that has not been in use for at least 12 hours. 
Slowly open the valves on the water side, one at a time, and 
insert the exploring tube of a leak detector. If this test in- 
dicates that Freon-12 gas is present, the exact location of the 
leak may be detected as follows : 

1. Remove the water heads and listen at each section for 
the hissing sound that indicates gas leakage. If the leak 
cannot be definitely located, all the tubes must be checked. 
However, if the probable location of the leaky tubes is found, 
treat that section as follows : 
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2. Wash the tube heads, and with a cloth or ball of cotton 
clean all tubes (while wet) until the inner walls are dry and 
shining. Then hold the exploring tube in one end of each 
condenser tube for about 10 seconds. As soon as fresh air is 
drawn into the tube, drive a cork into each end of the tube. 
If necessary, repeat this procedure with all the tubes in the 
condenser. Before proceeding further, allow the condenser 
to remain in this condition for 48 hours. 

3. After the tubes have been corked up for 48 hours, put 
3 men on the job, one to remove corks at one end, another to 
remove corks at the other end and handle the exploring tube, 
and the third man to watch the color of the flame in the lamp. 
Start with the top row of tubes in the section being inspected, 
remove the corks simultaneously at each end of the tube, and 
insert the exploring tube for 5 seconds. 

4. Mark any leaky tubes for later identification. 

5. Leakage of any of the tube joints is indicated by the 
presence of oil at the joint, after the 48-hour period. 

To date, this procedure has been found to be the only 
method which gives conclusive evidence ; in most cases, this 
method has given satisfactory results. 

Retubing of Condensers 

The general procedure for retubing condensers has been 
outlined in chapter 4 of this training course. One specific 
illustration of retubing a refrigerant condenser is as follows: 

1. Drill into both ends of the faulty tube or tubes, with a 
!% 2 inch drill, to a depth of Vi 6 inch less than the actual 
thickness of the tube sheet. 

2. Insert the condenser knockout bar. Then insert, in the 
other end of the tube, a bar y 2 inch x 6 inches. 

3. Proceed to the other end of the condenser and drive 
out the faulty tube by using the knockout bar. 

4. Follow the above procedure for any further tube 
removal. 

5. Cut the new tube % inch longer than the over-all 
length of the condenser (heads removed) . 
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6. Both ends of the tubes must be square and all inside 
and outside burrs removed. 

7. Insert the new tube in the condenser, leaving y 16 of an 
inch protruding from each end. 

8. Secure the spacing bar over one end of the tube. 

9. Oil the rolling tool, insert it in the tube, and roll the 
tube into serrations. 

10. Remove the spacing bar and roll that end of the tube 
by the above method. 

11. Insert the belling tool and keep rotating while belling. 
Do not strike too hard on the belling tool. 

12. After belling both ends of the tube, grind off the ends 
flush with the tube sheet. 

13. Open the discharge line valve into the condenser, and 
open any other valves necessary to get gas from the compres- 
sor into the condenser. 

14. Using the pressure thus obtained, test the condenser 
for leaks, with the halide torch. 

15. If any small leaks exist, reroll the leaking tube. 
(Spacers are used on the rolling tool to prevent the use of 
maximum rolling effect on a preliminary rolling operation. 
Additional rolling effect may be obtained by removing one of 
these spacers.) 

16. Reassemble the condenser. 

EXPANSION VALVES 

In order to diagnose troubles in a ship's refrigeration plant, 
it is essential that the MMl or C have a thorough under- 
standing of the principles and operation of expansion valves. 

Thermostatic Expansion Valve 

Function. The thermostatic expansion valve controls the 
quantity of refrigerant admitted to the cooling coil and re- 
duces the pressure of this refrigerant to that pressure main- 
tained in the coil. The valve also operates to feed into the 
coil the amount of refrigerant necessary to keep the coil 
working at maximum effectiveness and in accordance with 
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heat load variation, and to prevent the flooding back of liquid 
refrigerant to the compressor. 

Operation. It is apparent that, if the suction gas leaving 
the cooling coil is at the saturated vapor temperature of the 
refrigerant and the Freon-12 in the control bulb is also at 
this temperature, the control bulb pressure transmitted to the 
top of the valve diaphragm will be equal to the suction pres- 
sure transmitted to the lower side of the diaphragm through 
the equalizing line. The valve needle will be in the closed 
position, because of upward pressure exerted by the valve 
spring. The continued operation of the compressor main- 
tains or lowers the cooling coil suction pressure, but since 
the valve is closed and no liquid refrigerant is supplied to 
the coil, the temperature of the coil rises because of the heat 
absorbed from the space being cooled. The Freon-12 in 
the control bulb is in turn heated, and its pressure increases 
to maintain a saturated pressure corresponding to the cool- 
ing coil suction gas temperature. The pressure on top of the 
power element diaphragm increases, overcomes the spring 
pressure, and causes the valve needle to open, thus permit- 
ting the flow of refrigerant liquid into the coil. 

The liquid refrigerant is evaporated during its passage 
through the coil. Upon leaving the outlet end, the cold va- 
por cools the Freon-12 in the control bulb and decreases the 
upper diaphragm pressure, tending to close the valve. This 
reduction in valve opening reduces the quantity of refriger- 
ant fed to the cooling coil and permits evaporation of all the 
liquid before the refrigerant reaches the outlet end where the 
control bulb is located. The refrigerant vapor becomes su- 
perheated during its passage through that part of the coil 
beyond the point where all liquid is evaporated. 

The amount of superheat depends on the valve spring 
pressure exerted on the diaphragm. For a given spring set- 
ting, the valve maintains a relatively constant degree of 
superheat at the coil outlet, ensuring that all Freon-12 liquid 
is evaporated before it leaves the coil to return to the 
compressor. 
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External Equalizer for Thermostatic Expansion 
Valves. The external equalizing connection is provided for 
relatively large cooling coil installations where a consider- 
able pressure loss may be expected to occur because of the 
length of coil travel or the distribution method. This equal- 
izing line is connected to the cooling coil at a convenient 
point where the desired operating pressures will be reflected. 

For small installations the pressure drop through the coil 
is correspondingly small, and the refrigerant pressure at the 
valve outlet is practically equal to that at the coil outlet 
where the control bulb is located ; in such an installation the 
external equalizing line is unnecessary. Instead, the expan- 
sion valve is provided with an internal equalizing port, to 
adjust the pressure on the lower side of the diaphragm so that 
it will equal the pressure at the valve outlet. 

Testing and Adjustment. When the thermostatic ex- 
pansion valve is operating properly, the temperature at the 
outlet side of the valve is much lower than that at the inlet 
side. If this temperature difference does not exist when the 
system is in operation, the valve seat is probably dirty and 
clogged with foreign matter. 

Once a valve is properly adjusted, further adjustment 
should not be necessary. The major trouble encountered 
can usually be traced to moisture or dirt collecting at the 
valve seat and orifice. 

By means of a gear and screw ar angement, the thermo- 
static expansion valve is adjusted to maintain a superheat 
ranging approximately from 4° to 12° F at the cooling coil 
outlet. The proper superheat adjustment varies with the 
design and service operating conditions of the valve, and 
the design of the particular plant. Increased spring pres- 
sure increases the degree of superheat at the coil outlet and 
decreased pressure has the opposite effect. Many thermo- 
static expansion valves are initially adjusted by the manu- 
facturer to maintain a predetermined degree of superheat, 
and no provision is made for further adjustments in service. 

If expansion valves are adjusted to give a high degree 
of superheat at the coil outlet, or if the valve is stuck shut, 
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the amount of Freon-12 admitted to the cooling coil will 
naturally be reduced. With an insufficient amount of refrig- 
erant the coil will be "starved" and will operate at a reduced 
capacity. Compressor lubricating oil carried with the 
Freon-12 vapor may tend to collect at the bottom of the 
cooling coils, thus robbing the compressor crankcase, and 
providing a condition whereby slugs of lubricating oil may 
b? drawn back to the compressor. If the expansion valve 
is adjusted for too low a degree of superheat, or if the valve 
is stuck open, liquid Freon-12 may flood from the cooling 
coils back to the compressor. Should the Freon-12 liquid 
collect at a low point in the suction line or coil, and be drawn 
back to the compressor intermittently in slugs, there is danger 
of injury to the moving parts of the compressor. 

In general, the expansion valves for air conditioning and 
water cooling plants (high temperature installations) must 
be adjusted for higher superheat than are the expansion 
valves for cold storage refrigeration and ship's service store 
equipment (low temperature installations). 

If it is impossible to adjust expansion valves to the desired 
settings, or if it is suspected that the expansion valve assem- 
bly is defective and requires replacement, appropriate tests 
must be made. (First be sure that the liquid strainers are 
clean, that the solenoid valves are operative, and that the 
system is sufficiently charged with refrigerant.) 

The major equipment required for expansion valve tests 
is as follows : 

1. A service drum of Freon-12, or a supply of clean dry 
air at 70 to 100 psi gage. The service drum is used to supply 
gas under pressure. The gas used does not have to be the 
same as that employed in the thermal element of the valve 
being tested. 

2. A high-pressure and a low-pressure gage. The low- 
pressure gage should be accurate and in good condition so 
that the pointer does not have any appreciable lost motion. 
The high-pressure gage, while not absolutely necessary, will 
be useful in showing the pressure on the inlet side of the 
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valve. Freon-12 plants are provided with suitable spare and 
test pressure gages. 
The procedure for testing is as follows : 

1. Connect the valve inlet to the gas supply with the high- 
pressure gage attached so as to indicate the gas pressure to 
the valve, and with the low-pressure gage loosely connected 
to the expansion valve outlet. The low-pressure gage is con- 
nected up loosely so as to provide a small amount of leakage 
through the connection. 

2. Insert the expansion valve thermal element in a bath 
of crushed ice. Do not attempt to perform this test with a 
container full of water in which a small amount of crushed 
ice is floating. 

3. Open the valve on the service drum or in the air supply 
line. Make certain that the gas supply is sufficient to build 
up the pressure to at least 70 psi on the high-pressure gage 
connected in the line to the valve inlet. 

4. The expansion valve can now be adjusted. If it is de- 
sired to adjust for 10° F superheat, the pressure on the outlet 
gage should be 22.5 psi gage. This is equivalent to a Freon- 
12 evaporating temperature of 22° F, and since the ice main- 
tains the bulb at 32° F, the valve adjustment is for 10° super- 
heat (difference between 32 and 22). For a 5° superheat 
adjustment, the valve should be adjusted to give a pressure 
of approximately 26.1 psi gage. There must be a small 
amount of leakage through the low-pressure gage connection 
while this adjustment is being made. 

5. To determine if the valve operates smoothly, tap the 
valve body lightly with a small weight. The low-pressure 
gage needle should not jump more than 1 psi. 

6. Now tighten the low-pressure gage connection so as to 
stop the leakage at the joint, and determine if the expansion 
valve seats tightly. With the valve in good condition, the 
pressure will increase a few pounds and then either stop or 
build up very slowly. With a leaking valve, the pressure will 
build up rapidly until it equals the inlet pressure. 

7. Again loosen the gage so as to permit leakage at the 
gage connection ; remove the thermal element, or control bulb, 
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from the crushed ice, and warm it with the hand or place it 
in water that is at room temperature. When this is done, 
the pressure should increase rapidly, showing that the power 
element has not lost its charge. If there is no increase in 
pressure, the power element is dead. 

8. With high pressure showing on both gages as outlined 
above, the valve can be tested to determine if the body joints 
or the bellows leak. This can be done by using a halide leak 
detector. When performing this test, it is important that 
the body of the valve have a fairly high pressure applied to 
it. In addition, the gages and other fittings should be made 
up tightly at the joints so as to eliminate leakage at these 
points. 

Replacement of Valve. If it is evident that the expan- 
sion valve is defective, it must be replaced. Often it is pos- 
sible to replace a faulty power element or other part of the 
valve without having to replace the entire assembly. When 
replacement of an expansion valve is necessary, it is impor- 
tant to replace the unit with a valve of the same capacity and 
type, designed for Freon-12 systems. 

Automatic Expansion Valve 

Automatic expansion valves are generally similar in con- 
struction to thermostatic valves except that the thermostatic 
element is omitted. The refrigerant pressure in the cooling 
coil operates on the lower side of the diaphragm and at- 
mospheric pressure operates on the upper side. The amount 
of valve opening depends upon the pressure existing in the 
coil. 

As the operation of the compressor lowers the coil pres- 
sure, there is a corresponding decrease in pressure on the 
lower side of the diaphragm; when this pressure becomes 
less than the atmospheric pressure on the upper side, the 
diaphragm is depressed and the valve opens. The pressure 
at which the valve will open can be predetermined by an ad- 
justment of the valve. As the compressor continues to oper- 
ate, the needle valve remains open enough to maintain the 
refrigerant evaporating pressure. When the compressor 
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stops, the coil pressure increases and the valve automatically 
closes. Thermostatic expansion valves have proved to be 
more satisfactory than automatic expansion valves for re- 
frigeration plant applications required for naval vessels. 

Hand Expansion Valve Bypass 

A bypass line equipped with a manually operated expan- 
sion valve is installed around the strainer and the cooling coil 
liquid control valve assembly to permit repair or cleaning. 
The hand expansion valve is generally similar in design to 
the other Freon-12 stop valves installed in refrigeration sys- 
tems, except that the valve disk is sometimes specially shaped 
to permit accurate adjustment of flow. Hand expansion 
valves should be used only for emergency purposes, since 
there is the possibility of flooding liquid refrigerant back to 
the compressor. 

SWITCHES 

In order to trouble-shoot or diagnose switch troubles, it is 
essential that you have a good understanding of pressure- 
stats and thermostats. A pressurestat is an electric switch 
actuated by pressure from an outside source. The thermo- 
stat is actuated by temperature or heat on a specially prepared 
thermo-bulb, filled with a substance that expands and con- 
tracts with any change in temperature. 

A switch that cuts out when there is an increase in pressure 
or temperature is known as a direct acting switch. When 
the pressure or temperature is decreased, the switch cuts in. 
The high-pressure switch is a direct acting switch. A re- 
verse acting switch is one that cuts in on an increase of pres- 
sure or temperature and cuts out on a decrease of pressure or 
temperature. The low-pressure cut-out, cooling thermostat, 
and water failure switches are reverse acting switches. 

Low-Pressure Cut-Out Switch 

In the compressor suction line between the suction line stop 
valve and the compressor, a connection leads to the low-pres- 
sure cut-out switch (often called the suction pressure control 
switch). This switch is located on the compressor base or 
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on a panel adjacent to the compressor. The refrigerant suc- 
tion pressure acts on the metallic bellows of the power ele- 
ment of the switch and produces movement of a lever mech- 
anism operating electrical contacts. These contacts are in 
a circuit connected to the compressor motor controller panel. 

When all the solenoid valves have closed, the suction pres- 
sure drops until it reaches the setting of the low-pressure 
cut-out switch (approximately 2 psi). When the suction 
pressure is 2 psi, the switch opens, stopping the compressor. 
When one or more solenoid valves open, the suction pressure 
rises, causing the switch to close its contacts and start the 
compressor. The low-pressure cut-out switch has a differen- 
tial of about 18 psi ; it stops the compressor when the pres- 
sure drops to 2 psi ; and it restarts the compressor at about 
20 psi. The low-pressure cut-out provides automatic con- 
trol of the system. It halts the system when the desired 
degree of coolness in all spaces has been reached, thus making 
possible economical operation. 

High- Pressure Cut-Out Switch 

A switch connected to the high-pressure line serves as a 
safety device to prevent dangerously high pressure from 
developing within the system. When the discharge pres- 
sure rises above 150 psi (the usual setting) the switch opens, 
stopping the compressor and shutting down the system. 
The switch has a differential of about 25 psi. When the high 
pressure decreases to 125 psi, the switch closes, and automat- 
ically restarts the compressor. 

Solenoid Control Switch 

A solenoid control or thermostatic switch controls the cir- 
cuit to each solenoid valve coil. When the temperature of the 
compartment in which the control bulb or element is located 
has been decreased to the desired point, the switch opens the 
circuit. These switches are usually provided with differen- 
tial as well as range adjustment mechanisms. It is good 
practice to set the differential adjustment for 3° F or less 
between the cut-in and cut-out points. The cut-out setting 
of solenoid valve control switches used for water chillers 
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should be kept at a temperature somewhat above 32° F, to 
prevent freezing. 

Woter Failure Switch 

The water failure switch is primarily a safety device to 
shut down the compressor before the head pressure builds 
up to the point where the high-pressure switch cuts out the 
compressor. The water pressure cut-out point is established 
by the corresponding head pressure. 

To determine the cut-out point, slowly close down on the 
inboard water valve to the condenser and allow the head 
pressure to build up to a point of 10 psi below the cut-out 
point of the compressor high-pressure switch. After estab- 
lishing the cut-out point, slowly open the condenser water 
supply and allow the head pressure to drop to within ap- 
proximately 10 psi of normal. Then check the water pres- 
sure gage, which should be the cut-in point for the water 
failure switch. 

Cut-in and cut-out points established when a ship was in 
cold waters may have to be readjusted if the ship moves to 
tropical waters. Once the switch is set in tropical waters, 
it will not be necessary to readjust the switch if the ship 
moves back to cold water. 

After the cut-in and cut-out points are established, the 
switch is adjusted with the same procedure that is used in 
setting the low-pressure cut-out. 

DETECTION AND CORRECTION OF TROUBLES 

Faulty operation of the refrigerating plant is indicated 
by various definite symptoms. These symptoms may indi- 
cate the presence of one or more conditions in the plant. 
Each condition must be eliminated by specific corrective 
measures. Space does not permit a detailed discussion here 
of abnormal plant conditions, but you can find complete in- 
formation in the manufacturer's instruction book furnished 
with each refrigeration plant. The following chart, listing 
symptoms, their causes, and the corrective measures to be 
taken, will assist you in correcting faulty operation quickly 
and efficiently. 
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SAFETY PRECAUTIONS 



When working with Freon-12 refrigeration systems, ob- 
serve the following safety precautions : 

1. Inspect the oil level in the compressor before starting. 

2. Inspect the oil pressure in the forced-feed compressor 
systems. 

3. Don't admit any air into the system. 

4. Don't allow dirt to enter the system. 

5. Prevent mechanical injury and depreciation. 

6. Exercise caution when starting the compressors. 

7. Do not operate the compressors with emergency piping 
interconnections open. 

8. Alternate compressor operation. 

9. Check the system regularly. 

10. Test the system for leaks. 

11. Don't permit the crankcase to become cold or frosted. 

12. Don't permit the suction scale trap to become frosted. 

13. Drain water from idle condensers. 

14. Guard against trapped Freon expansion pressures. 

15. Wear goggles in order to prevent liquid Freon from 
getting in your eyes when you charge or purge the system, or 
open it to make repairs. 

If liquid Freon-12 accidentally comes in contact with the 
eyes, introduce drops of sterile mineral oil, or olive oil, as 
an irrigant. Take every precaution to see that the vic- 
tim does not rub his eyes. If possible, the person suffering 
an injury of this nature should be taken at once to the medical 
officer. 

If liquid Freon-12 comes in contact with the skin, the 
injury should be given the same treatment as though the skin 
had been frostbitten or frozen. 

A person overcome in a space that lacks oxygen because of 
ii concentrations of Freon-12 must be given artificial 
respiration. 
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SUMMARY 



The MM1 or C is responsible for supervising and training 
personnel in the operation, maintenance, and repair of re- 
frigeration equipment. Constant vigilance should be main- 
tained over the refrigeration system, to ensure its proper care 
and operation. It is considered good practice to make a 
complete check, every hour, of all temperatures and pres- 
sures throughout the system, and of the oil level in the com- 
pressor crankcase. 

As an MM1 or C, you should know how to charge the 
Freon-12 system as well as open a charged system ; how to 
dehydrate and clean various parts ; and how to detect leaks 
throughout the system. 

Your knowledge of the Freon-12 compressor units and 
lubrication system should comprise the following: how to 
diagnose compressor troubles, and what to do about them; 
what steps must be taken in dismantling and reassembling 
compressors; and what precautions must be observed in re- 
moving, replacing, or repairing compressor internal parts. 

Tour understanding of condensers should include : how to 
check water-cooled condensers for performance ; how to clean 
condenser tubes and air-cooled condensers properly ; how to 
minimize electrolytic corrosion of condenser parts coming in 
contact with sea water; and how to remove and replace con- 
denser tubes. 

QUIZ 

1. How often should a complete check be made of all temperatures 
throughout the system, and of the oil level In the compressor 
crankcase? 

2. How often should the compressor belts be checked for tension? 

3. If a shortage of refrigerant exists in the system, what will 
generally be indicated? 

4. What device is generally employed to test the refrigeration 
system for leaks? 

5. Pressure testing for tightness is generally performed by what 
personnel? 

6. The time required for the dehydration and evacuation process 
depends upon what factors? 
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7. The inability to obtain a temperature as low as 35° F in the 
vacuum indicator, within a reasonable length of time, may result 
from what cause(s) ? 

8. When should the drying agent in the dehydrator be reactivated? 

9. How is the reactivation process accomplished? 

10 When oil is being removed from the compressor, why should the 
drain plug not be completely removed? 

11. When should the cleanliness of the lubricating oil be checked? 

12, What indicates a faulty compressor valve? 

IS. How may compressor discharge valves be tested? 

14. When should the compressor suction valve efficiency of new 
Freon-12 units he checked? 

15. What is likely to occur if any part of the compressor is opened 
while under a vacuum? 

16. How should all compressor parts be treated before reassembling 
the unit? 

17. When can an over-all check for water-cooled condenser per- 
formance be used to indicate the condition of the condenser 
surface? 

18. How often should condensers be tested for leakage? 

1!>. What unit controls the quantity of refrigerant admitted to the 
cooling coil, and reduces the refrigerant pressure from that 
existing In the condenser to that maintained in the coil? 

20. If the thermostatic expansion valve is adjusted to give a high 
degree of superheat at the coil outlet, or if the valve is stuck, 
what will be indicated? 

21. What type of reverse acting switches cut in on an increase of 
pressure or temperature? 

22. What should be done to correct a high Freon-12 suction line 
pressure resulting from overfeeding of the expansion valve? 

2:?. What steps should be taken to correct excessive oil pressure in 
the compressor? 

24. What will cause a very warm liquid line refrigerant temperature? 
2fi« What should be used immediately as an irrigant for the eyes 
after contact with Freon-12? 
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CHAPTER 



AIR CONDITIONING 

Air conditioning is the science of establishing and main- 
taining the atmosphere of an enclosed space at a specified 
temperature, humidity, and purity. In the broadest sense of 
the term, air conditioning involves heating, cooling, humidi- 
fying, dehumidifying, circulating, and purifying the air. 

As early as 1903, two methods of air conditioning were 
devised by Dr. Willis H. Carrier and Setard W. Crammer. 
These men worked independently. The former was inter- 
ested primarily in comfort air conditioning and the latter in 
an improvement of industrial methods for manufacturing 
cotton textiles. Crammer is credited with the use of the 
term "air. conditioning," which appears in his book on manu- 
facture of cotton materials. 

Aboard ship, the primary purpose of air conditioning is to 
keep personnel comfortable, alert, and physically fit at battle 
stations. Within the enclosed quarters of a ship during gen- 
eral quarters, circulation of the air tends to become very poor, 
and the heat as well as the moisture given off by the men's 
bodies increases the temperature and moisture content of the 
air. Research has shown that the efficiency of the human 
body is lowered when air temperatures and moisture content 
rise above certain limits, and when there is a lack of air cir- 
culation. Therefore, proper air conditioning of the ship is 
very important 

Air conditioning is also needed for the protection of equip- 
ment, especially electrical apparatus. The large amount of 
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moisture in the air given off daily from the bodies of the 
crew, from cooking, batteries, and bilges, would condense on 
any cool surface. 

THEORY OF AIR CONDITIONING 

Human comfort is influenced to a great extent by the hu- 
midity, or amount of moisture present in the atmosphere. 
The common expression, "It isn't the heat ; it's the humidity," 
is an indication of the popular recognition of the discomfort- 
producing effects of moisture-laden air in hot weather. Ex- 
tremely low moisture content also has undesirable effects on 
the human body. The measurement and control of the mois- 
ture content of the air is an important phase of air condi- 
tioning engineering. 

Saturated Air 

The air holds varying amounts of water vapor, and as tem- 
perature rises, the amount of moisture that the air can hold 
increases. But for every temperature there is a definite limit 
as to the amount of moisture that the air is capable of hold- 
ing. When air at a given temperature attains this maximum 
amount of moisture, it is known as saturated air. 

Dew Point 

The saturation point is usually called the dew point. If 
the temperature of saturated air falls below its dew point, 
some of the water vapor in the air must condense to water. 
The dew that appears on foliage in the early morning, when 
there is a drop in temperature, is such a condensation. The 
"sweating" of cold water pipes also is the result of water from 
the air condensing on the cold surface of the pipes. 

Absolute and Specific Humidity 

The amount of water vapor in the air is expressed in terms 
of the weight of the moisture. This weight is usually given 
in grains (7,000 grains equal 1 pound). Absolute humidity 
is the weight of water vapor in grains per cubic foot of air. 
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Specific humidity is the weight of water vapor in grains per 
pound of dry air. It should be understood that these defini- 
tions refer only to moisture in the vapor state, and not in any 
way to the moisture (such as fog, rain, or dew) that may be 
present in the liquid state. 

RaJcrnV* Humidity 

Relative humidity is the ratio of the weight of water vapor 
in a sample of air to the weight of water vapor that the same 
sample of air could contain if saturated. This ratio is usually 
stated as a percentage. For example, when air is fully satu- 
rated, its relative humidity is 100 percent. When air con- 
tains no moisture at all, its relative humidity is zero percent. 
If air is half saturated, its relative humidity is 50 percent. 

As far as comfort and discomfort resulting from humidity 
are concerned, it is the relative humidity and not the absolute 
or specific humidity that is the important factor. This can 
be easily appreciated from the discussion that follows. 

Moisture always travels from regions of greater wetness to 
regions of lesser wetness, just as heat travels from regions of 
higher temperature to regions of lower temperature. If the 
air above a liquid is saturated, the two are in equilibrium 
and no moisture can travel from the liquid to the air ; that is, 
the liquid cannot evaporate. If the air is only partially 
saturated, some moisture can travel to the air; that is, some 
evaporation can take place. 

Suppose the specific humidity of the air is 120 grains per 
pound of dry air. This is the actual weight of the water 
vapor in the air. If the temperature of the air is 76° F, the' 
relative humidity is then nearly 90 percent — that is, the air 
is nearly saturated. Although the body may perspire freely, 
the perspiration does not evaporate rapidly — because the air 
already contains nearly all the moisture it can hold — and a 
general feeling of discomfort results. 

However, if the temperature for the air were 86° F, the 
relative humidity would then be only 64 percent. That is, 
although the absolute amount of moisture in the air is the 
same, the relative amount is less, because at 86° F the air 
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is capable of holding more water vapor than it can hold at 
76° F. The body is now able to evaporate its excess moisture 
and the general feeling is much more agreeable, even though 
the temperature of the air is 10° hotter. Control of relative 
humidity is of extreme importance in air conditioning. 

HEAT OF THE AIR 

The heat of air is considered from three standpoints- 
differentiated as sensible, latent, and total heat. 

Sensible heat is that measured by the household, or dry- 
bulb, thermometers. This is the temperature of the air itself, 
without regard to any humidity it may contain. It may be 
best to emphasize this by stating that sensible heat is the 
heat of dry air. 

Air nearly always contains more or less moisture. Con- 
ditions of complete absence of moisture are rare, occurring 
perhaps only in desert regions. Any water vapor present, of 
course, contains the latent heat, which is generally referred 
to as the latent heat in the air. 

Any mixture of dry air and water vapor — that is, air as 
we usually find it — contains both sensible and latent heat. 
The sum of the sensible heat and the latent heat in any 
sample of air is called the total heat of the air. Zero de- 
grees is usualy taken as a convenient starting point from 
which to measure total heat. 

THREE AIR TEMPERATURES 

Inasmuch as air conditioning deals with these various 
"heats of the air as well as the condensation of moisture, three 
different temperatures are involved in air conditioning oper- 
ations. These are the dry-bulb, wet-bulb, and dew-point 
temperatures. 

Measurement of Air Temperatures 

Dry-Bulb Temperature. This is the temperature of the 
sensible heat of the air, as measured by an ordinary ther- 
mometer. Such a thermometer in air conditioning engineer- 
ing is referred to as a dry-bulb thermometer, because its bulb 
is dry, in contrast with the wet-bulb type next described. 
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Wet-Bulb Temperature. This temperature is best ex- 
plained by a description of the wet-bulb thermometer. This 
is an ordinary thermometer, with a loosely woven cloth 
sleeve or wick placed around its bulb and then wet with water. 
The fabric must be clean and free from oil and wet thor- 
oughly with clean fresh water. The water in the sleeve or 
wick is caused to evaporate by a current of air at high 
velocity. This evaporation withdraws heat from the ther- 
mometer bulb, lowering the temperature a number of degrees. 
The difference between the dry-bulb and wet-bulb tempera- 
tures is called the wet-bulb depression. The wet-bulb tern- 
perature is the same as the dry-bulb when the air is saturated 
(that is, when evaporation cannot take place) . The condi- 
tion of saturation, however, is unusual, and a wet-bulb de- 
pression is normally expected. 

In air conditioning work, the wet-bulb and dry-bulb ther- 
mometers are usually mounted side by side on a frame, to 
which a handle or short chain is attached so that the ther- 
mometers may be whirled in the air, thus providing a high- 
velocity air current that promotes evaporation. Such a de- 
vice is known as a sling psychrometer. The psychrometer 
must be whirled around rapidly, at least four times per sec- 
ond. When the wet-bulb thermometer is examined at inter- 
vals, its temperature reading will be found to be dropping ; 
the reading below which no further drop is observed gives 
the correct wet-bulb temperature. 

Dew-Point Temperature. The dew point depends upon 
the amount of water vapor in the air. If air at a certain tem- 
perature is not saturated, and the temperature is lowered, a 
point is finally reached at which the air is saturated for a 
lower temperature and condensation of the moisture then be- 
gins. This point is the dew-point temperature of the air 
for the quantity of water vapor present. 

Relationships Between the Three Air Temperatures 

The definite relationships between the three temperatures 
should be clearly understood. These relationships are : 
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L When the air contains some moisture but is not satu- 
rated, the dew-point temperature is lower than the dry-bulb 
temperature, and the wet-bulb temperature lies between them. 

2. As the amount of moisture in the air increases, the dif- 
ferences between the temperatures become less. 

3. When the air is saturated, all three temperatures are 
the same. 

PSYCHROMETRIC CHART 

There is a relationship between dry-bulb temperature, wet- 
bulb temperature, dew-point temperature, specific humidity, 
and relative humidity. Given any two, the others can be cal- 
culated. The relationship can be shown on a psychrometric 
chart (fig. 12-1). In air conditioning it is customary to use 
this chart, since reading measurements from the chart is far 
easier than calculating these measurements from two given 
factors. 

Note that in this chart the wet-bulb and dew-point tem- 
perature scales lie along the same line, w T hich is the 100-per- 
cent relative humidity line. The dew-point temperature 
lines, however, run horizontally, and the wet-bulb tempera- 
ture lines run obliquely dow T n to the right. To use the chart, 
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Figure 12—1. — Psychrometric chart. 
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take the point of intersection of the lines of the two known 
factors, and from this point follow the lines of the unknown 
factors to their numbered scales and read the measurement. 

Suppose the dry-bulb temperature were 70° F and the wet- 
bulb temperature 60° F, you would determine the dew-point 
temperature and the relative humidity in the following man- 
ner. Note the point of intersection between the dry- and 
wet-bulb temperature lines. From this point, follow along 
the dew-point line (horizontal) to the dew-point scale. The 
dew-point temperature is 53.6° F, the relative humidity is 
56 percent (read by interpolating the reading at the inter- 
section point between curved relative humidity lines). 

If the dew point were to remain at 53.6° F, and the air were 
to be raised to the dry-bulb temperature of 80° F, what would 
be the relative humidity? Follow the dew-point line to 
the 80° F dry -bulb temperature line; by interpolation, the 
relative humidity is 40.5 percent. 

If the dry-bulb temperature is 80° F and the dew-point 
temperature 70° F, what will be the relative humidity when 
the dry -bulb temperature of the air is raised to 90° F? 
Note the point of intersection of the horizontal line running 
from the 70° F line with the vertical 80° F line. Follow 
this horizontal line to the 90° F dry -bulb line ; at that point, 
the relative humidity reads 52 percent. 

The actual weight of any amount of water vapor in air at 
any temperature can be read on the chart from the scale at 
the right-hand edge. Note the 70° F dry-bulb temperature 
line. From the intersection on the line of the various rela- 
tive humidity percentage lines, follow the horizontal line 
to the right-hand scale, to read the number of grains of water 
vapor per pound of dry air. At the bottom is zero moisture, 
or completely dry air. At the top is 100 percent saturation, 
such saturated air at 70° F holding a maximum of 110.5 
grains per pound. The weight of water vapor that is con- 
tained in air at 70° F can be found, for any percentage of 
saturation, by starting with the given relative humidity 
point on the 70° F dry -bulb line, and following the horizontal 
line to the right-hand scale. 
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AIR MOTION 

It is a well-known fact that when the air in a room is 
motionless, the room soon feels stuffy to its occupants, 
even though the air may be quite fresh. On the other hand, 
air that is somewhat stale does not feel stuffy if it is kept 
stirred ; although it may, perhaps, be too warm, it is never- 
theless bearable. Stirring of the air creates three effects, all 
adding up to a feeling of greater comfort. One is a purely 
sensory effect, another affects humidity, and the third affects 
temperature. The three are closely interrelated and depend 
upon the velocity of the air motion. 

Sensory Effect of Air Motion 

When the air has a gentle motion — a velocity of 20 to 50 
feet per minute (fpm) — the tactile sensory nerves in the skin 
are stimulated, and a feeling of greater comfort is experienced 
than when the air is completely still. 

Effect of Air Motion on Humidity 

The body is always evaporating moisture, even though the 
evaporation may be at such a slow rate that it is not per- 
ceptible as perspiration. If the air is still, this evaporated 
moisture stays close ; it forms, with the heat also given off, 
a damp, hot blanket around the body. Within such a 
blanket, air is less able to absorb the evaporation from the 
body ; hence a feeling of discomfort ensues. But if the air 
is stirred, the convection currents thus formed carry away 
the moisture as rapidly as it is given off, and a normal rate 
of evaporation is maintained. 

Effect of Air Motion on Temperature 

The human body is constantly giving off heat to the air 
around it, by conduction. If the air is still, the air close to 
the body gradually becomes heated, and this heat is not 
carried away by convection currents. Thus, although the 
average temperature of the air in a room may remain nearly 
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constant, the body itself is in air of higher temperature. If 
the air is in motion, however, the heat coming from the body 
is carried away by convection before it can build up. 

BODY HEAT BALANCE 

Ordinarily the body remains at a fairly constant tempera- 
ture of 98.6° F. It is very important that this body tempera- 
ture be maintained, and since there is a continuous heat gain 
from surrounding and from interior processes, there must 
also be a continuous outgo to maintain a balance. This ex- 
cess heat must be absorbed by the surrounding air. As the 
temperature and humidity of environment vary, the body 
automatically regulates the amount of heat which it gives off. 
However, this ability to adjust to varying environmental 
conditions is limited. Furthermore, although the body may 
adjust to certain atmospheric conditions, it may do so with a 
distinct feeling of discomfort. The following discussion 
will familiarize you with the way in which atmospheric con- 
ditions affect the body's ability to maintain a heat balance. 

Body Heat Gains 

The body gains heat (1) by radiation, (2) by convection, 
(3) by conduction, and (4) as a byproduct of physiological 
processes that take place within the body. 

The heat radiation gain comes from our surroundings, but 
since heat always travels from regions of higher temperature 
to regions of lower temperature, the body receives heat only 
from those surroundings that have a temperature higher than 
98.6° F. The greater source of heat radiation is the sun. 
Indoor heat radiation is gained from heating devices, operat- 
ing machinery, hot steam piping, etc. 

The heat convection gain comes from currents of heated 
air only. Such currents of air may come from a galley stove 
or engine. 

The heat conduction gain comes from objects with which 
the body, from time to time, is in contact. 

Most of the body heat comes from within the body itself. 
Heat is being continuously produced inside the body by the 
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oxidation of foodstuffs and other chemical processes, by fric- 
tion and tension within the muscle tissues, and by other causes 
as yet not completely identified. 

Body Heat Losses 

There are two types of heat losses ; one is loss of sensible 
heat, and the other, loss of latent heat. Sensible heat is given 
off by three methods : (1) radiation, (2) convection, and (3) 
conduction. Latent heat is given off by evaporation. 

The body is usually at a higher temperature than that of 
its surroundings, and therefore radiates heat to walls, floors, 
ceilings, and other objects. This action is called heat radia- 
tion loss. The temperature of the air does not influence this 
radiation, except as it may alter the temperature of such 
surroundings. The heat convection loss occurs when the heat 
is carried away from the body by convection currents, both 
by the air coming out of the lungs and by exterior air cur- 
rents. The heat conduction loss is caused by bodily contact 
with colder objects or substances. 

The heat loss by evaporation is the loss of heat due to the 
cooling effect of vaporization of the body's moisture. Under 
normal air conditions, the body gets rid of excess heat by this 
method. The heat inside the body is sensible heat; in the 
evaporation process, it becomes latent heat. The rate of 
evaporation, and hence of heat loss, depends upon the tem- 
perature, relative humidity, and motion of the air. 

When the temperature and relative humidity are not too 
high, and when the body is not too active, the body gets rid 
of its excess heat by radiation, convection, and conduction. 
When engaged in work or exercise, the body develops much 
more internal heat, and perspiration begins. Perspiration 
rapidly evaporates if the relative humidity is low. If, how- 
ever, the relative humidity of the air is high, the moisture 
cannot evaporate, or does so only at a slow rate. In such 
cases, the excess heat cannot be removed by evaporation, and 
discomfort follows. 

The amount of heat given off by the body varies according 
to the body's activity. When seated at rest, the average adult 
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male gives off about 380 Btu per hour. On a ship, a man 
gives off an average of 500 to 600 Btu per hour. 

Research has shown that the total amount of heat loss is 
divided as follows for light work on a ship (particularly on 
a submarine) : About 45 percent by radiation, 30 percent by 
convection and conduction, and 25 percent by evaporation. 
For normal body comfort, it is important that the heat loss 
be in these proportions. 

If a person loses the same total of heat in the proportions 
of 40 percent by radiation, 50 percent by convection and con- 
duction, and 10 percent by evaporation, he feels uncomfort- 
able, damp, and chilly. This represents a condition of high 
relative humidity and too much air motion (a breeze from 
a fan or a direct draft). On the other hand, if the total 
heat loss is the same, but divided in the proportion of 30 
percent by radiation, 25 percent by convection and conduc- 
tion, and 45 percent by evaporation, a person will feel un- 
comfortable, hot, and parched. This represents a condition 
of low relative humidity and no air motion. 

It is apparent that while the total heat loss may be a de- 
sirable amount, it may be given off so as to produce distinct 
discomfort. It is essential that the air conditioning be so 
controlled as to enable these heat losses to occur in the best 
proportions to produce comfort. 

SENSATION OF COMFORT 

From the foregoing discussion it is evident that the three 
factors — temperature, humidity, and air motion — are closely 
interrelated in their effects upon comfort and health. In 
fact, a given combination of temperature, humidity, and air 
motion will produce the same feeling of warmth or coolness 
as a higher or lower temperature in conjunction with a com- 
pensating humidity, and air motion. It is the net effect of 
these factors, then, in which we are interested. The term 
given to this net effect is effective temperature. This tem- 
perature cannot be measured by any instrument, but may be 
found on a special psychrometric chart when the dry-bulb 
and wet-bulb temperatures and air velocity are known. 
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Though all the combinations of temperature, relative hu- 
midity, and air motion of a particular effective temperature 
may produce the same feeling of warmth or coolness, they are 
not all equally comfortable. It has been found that a rela- 
tive humidity below 15 percent produces a parched condition 
of the mucous membrane of the mouth, nose, and lungs, and 
increases susceptibility to disease germs. A relative hu- 
midity above 70 percent causes an accumulation of moisture 
in clothing. For best health conditions, relative humidity 
of from 40 to 50 percent for cold weather, and from 50 to 60 
percent for warm weather, is desirable. An over-all range 
from 30 to 70 percent is acceptable. 

There is also an optimum range of air velocity. This 
range varies from approximately 15 to 20 fpm to about 100 
fpm. In general, if an air current is definitely perceptible— 
that is, if it attracts attention — then it is too much for com- 
fort and may be a hazard to health. 

A Comfort Chart, constructed to indicate the ranges of 
temperatures, relative humidities, and air velocities which 
produce a normal feeling of comfort for most persons, is il- 
lustrated in figure 12-2. This chart is for air velocities of 
from 15 to 25 fpm. You will note that the range of ac- 
ceptable conditions for winter is different from the range for 
summer. 

AIR CONDITIONING SYSTEMS 

The first air conditioning systems installed aboard ship 
covered only one or two spaces. These were vital spaces, 
ready rooms aboard carriers, magazines, CIC, or main plot- 
ting station. The Freon-12 plant was used. 

Present air conditioning installations of combatant ves- 
sels cover practically the entire ship except for the machinery 
spaces. Besides all vital spaces, berthing, living, and office 
spaces are air conditioned. 

Basic Air Conditioning Cycle 

A space gains heat from personnel and equipment inside 
the space and from heat transmitted through the metal decks 
and bulkheads. Moisture is added by personnel and any 
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DRY-BULB TEMPERATURE F 
Figure 12-2. — Comfort chart. 

sources of water that may be present in the compartment. 

Starting from the space to be cooled, the air conditioning 
cycle (see fig. 12-3) is as follows : The hot, moist air from the 
space is drawn through a duct, where it mixes with fresh air 
drawn in from the outside. (There is no bypass factor on 
submerged submarines.) The fan blows the air over the 
cooling coil, and the refrigerant inside the coil cools the 
surface of the coil. These cold surfaces absorb the heat in 
the air passing over them and condense the excess moisture. 
The moisture drips off into a pan below the coil and is carried 
away by piping. The cool, dry air leaving the coil is blown 
into the compartment to be air conditioned, where it absorbs 
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Figure 12*3. — Basic air conditioning cycle. 



the excess heat and moisture in the space, and is then returned 
to the cooling coil. Air is exhausted from the space in order 
to allow for fresh air being drawn into the space. 

Shipboard Air Conditioning Cycle 

The cooling coils are installed in the ventilation ducts 
leading to the spaces to be air conditioned. Automatic and 
manual controls are added to regulate the operations of the 
air conditioning equipment. 

The vital spaces have recirculating units in the compart- 
ments operable during general quarters. When compart- 
ments have been shut and ventilation systems secured, a sat- 
isfactory supply of oxygen is maintained by blowing through 
these compartments with fresh air at least every 4 hours, 
or at the discretion of the damage control officer. 

On large ships completely equipped with air conditioning, 
the installation is divided into a number of systems. Some 
ships have 6 systems, divided into 3 "hotel" systems and 3 
vital systems. The ship is divided into 3 zones — forward, 
midships, and aft — with 1 hotel system for each zone. 
Chilled water is used as a refrigerant medium. 
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AIR CONDITIONING PLANTS USED BY THE NAVY 



The primary function of an air conditioning plant is to 
remove the heat from a compartment and discharge it over- 
board. The removal of heat results not only in lowering the 
temperature but also in dehumidification. In some types of 
plants the heat is picked up from the compartment by means 
of a chilled water system. This heat is transferred from the 
chilled water to the salt water, which is pumped overboard. 
This transfer of heat cannot be accomplished by the conven- 
tional heat exchanger; therefore, other methods and equip- 
ment must be used. 

At present there are several types of air conditioning 
plants used by the Navy, design and construction depending 
upon the characteristics of the refrigerant used. These 
• plants are in an experimental status to determine which type 
is best suited to naval use. Steam jet, lithium bromide, and 
Freon-12 plants have been installed on naval vessels. 

Steam Jet Plant 

The steam jet plant, classified as a thermocompression 
plant, operates on the principle of cooling water by evapora- 
tion. Except for a few pumps, this type of cooler has no 
moving parts. The major parts of this plant are the flash 
tank, the booster ejector, the condenser, and the air ejector. 
(See fig. 12-4.) 

Water from the chilled water system is continuously 
sprayed into the cold flash tank through nozzles in the spray 
pipes. The pump keeps the water in circulation throughout 
the chilled water system and returns it to the flash tank or 
evaporator. 

Upon entering the flash tank, which is under a very high 
vacuum, a small part of the sprayed water flashes into vapor 
and by this action absorbs heat from the remaining water. 
It is necessary to flash only a very small portion of the water 
to produce the desired cooling effect. 

The flashed vapor is removed from the flash tank by the 
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booster ejector and sent to the condenser. The booster ejec- 
tor is supplied with steam and works on the same principle 
as an air ejector in maintaining a vacuum in the flash tank. 

The condenser and the air ejector work on the same prin- 
ciple as similar units found on a steam-driven ship. The 
vapor and steam from the booster ejector are condensed, and 
the condensate is returned to the ship's steam heating drain 
system. The air ejector, which is of the conventional two- 
stage design, maintains a vacuum on the condenser. 

The steam jet plant is designed for automatic operation 
after the necessary starting operations have been completed. 
During light loads the booster ejector will function in an 
on-off cycle, and the other component parts will operate con- 
tinuously. To prevent the system from freezing on light 
loads, the booster ejector steam supply is controlled by an 
automatic valve. 

Lithium Bromide Plant 

The lithium bromide plant operates on the principle of the 
absorption cycle. It is a steam-operated water-cooling plant, 
employing chilled water as the refrigerant and a solution of 
lithium bromide as the absorbent. Lithium bromide is a 
desiccant that is capable of absorbing water. 

The major parts of the plant are two shell units, a heat 
interchange^ an eductor, and pumps. One unit contains 
the evaporator and the absorber; the other unit contains the 
generator and the condenser. ( See fig. 12-5. ) 

The evaporator consists primarily of a spray pipe and n 
water tank or receiver. The incoming water is sprayed into 
the upper half of the shell. Chilled water which has not 
vaporized is collected by the receiver part and returned to 
the chilled water system by means of a pump. 

The absorber unit consists of a lithium bromide liquid so- 
lution spray pipe and sea-water cooling coils. Salt water 
is pumped through these coils to cool the absorbing lithium 
bromide. The liquid solution is collected in the bottom of 
the shell. 
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The generator consists primarily of a steam coil, located 
in the bottom half of the shell. Steam, supplied by the ship, 
is passed through the tube nest to boil the liquid lithium 
bromide in which the tubes are submersed. 

The condenser unit consists of a cooling coil and a con- 
densate receiver or drain tank. Salt water, which is piped 
from the absorber cooling coil, flows through the tube nest. 

The heat interchanges eductor, and pumps are of con- 
ventional design. 




Figure 1 2— 5.— Schematic drawing of »h« lithium bromide plant. 

In the lithium bromide plant, chilled water is sprayed into 
a chamber within the evaporator in much the same manner 
as in the steam jet plant. The shell being under vacuum 
causes a small part of the water to flash into a vapor, which 
cools the remaining water. 
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The vacuum in the shell is obtained by spraying a lithium 
bromide solution over the cooling coils of the absorber unit. 
The amount of vacuum maintained in the unit depends upon 
the concentration and temperature of the solution. This 
solution absorbs the water vapor flashed in the evaporator. 
The salt-water cooling coil functions to remove the heat of 
condensation of the water vapor, and the heat of absorption 
of the solution, from the shell. The proper operation of the 
shell unit, containing the evaporator and the absorber, de- 
pends upon a high vacuum, a strong concentration of the 
lithium bromide solution, and a low temperature of the solu- 
tion and shell space. 

The above process would very quickly result in the dilution 
of the lithium bromide solution with the absorbed water from 
the chilled water system — a dilution which would reduce the 
absorbing action of the solution. Therefore, the water must 
be removed in order to keep a concentrated solution. This 
removal is accomplished by continuously draining part of 
the liquid from the primary lithium bromide solution system, 
and sending this liquid to the generator, where the diluted 
or weak solution is boiled to remove the excess water. Steam 
coils are used to heat the liquid in the lower part of the 
generator shell. 

The steam from the boiling liquid is condensed in the upper 
part of this shell. Salt water is circulated through the con- 
denser to cool the steam and transform it back into water, 
which is then returned to the evaporator section. The con- 
centrated lithium bromide is returned to the primary circu- 
lating system. The loop seal maintains a difference of 
pressures between the two shells. 

The heat interchanger is added to the plant to improve 
the efficiency and to reduce cooling water consumption. The 
hot, strong solution will transfer its heat to the cool, weak, 
solution which is to be boiled in the generator. The strong 
solution must be cooled to prevent it from carrying heat to 
the absorber unit. 

Automatic devices and controls are added to operate or 
control the various piping systems. Relief valves, gages, and 
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thermometers are also included. A purge system, not shown 
in figure 12-5, is installed to remove air and noncondensable 
gases from the plant. 

Freon-12 Plant 

The Freon-12 air conditioning plant is a refrigerating sys- 
tem using mechanical compression. The refrigerant cycle in 
this plant is the same as in the ship's main refrigeration 
plant. In general, the machinery, equipment, and piping 
arrangements of the two plants are similar. 

Compressors. The Freon-12 reciprocating compressors 
are built in different sizes. The size of the compressor varies 
in accordance with the capacity required. 

Operating suction pressures and evaporator temperatures 
used in the air conditioning system are higher than those 
used in refrigeration systems. This difference in suction 
pressure results in a corresponding effect on the rated capac- 
ity of the compressor. More refrigerated tons are developed 
at a higher suction pressure, and at a higher evaporator 
temperature. 

It is not good practice to allow a Freon-12 compressor to 
remain idle for an extended period of time. Compressors 
should be operated at least once a week. Therefore, if a 
duplicate or standby compressor is furnished, it should be 
operated alternately with the main compressor, changing 
from one to the other at least every week. 

Thermostatic Expansion Valve. In air conditioning in- 
stallations the external equalizer is used with the thermo- 
static expansion valve, in place of the internal equalizer. The 
internal equalizing port between the valve outlet and the 
spring chamber is eliminated ; instead, there is an opening 
through the valve directly into the spring chamber. By 
means of a copper tube the spring chamber is connected to 
the evaporator coil, beyond the point of greatest pressure 
drop. The external equalizer is used because in the air con- 
ditioning system there is a larger pressure drop between the 
two ends of the cooling coils than in the refrigeration sys- 
tem. This pressure drop is due to the fact that the tubing 
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used is smaller, and has restricted bends. Figure 12-6 
illustrates the external equalizer type of expansion valve. 

The thermostatic expansion valve should function without 
any difficulty if the system is free of foreign matter or mois- 
ture. Any foreign matter between the seat and the stem 




Figure 12-6. — Thermostatic expansion valve, external equalizer. 

will prevent the value from closing tight. Presence of 
moisture in the system may cause a freeze-up at the port valve 
and block the passage of the refrigerant. 

The system operates most satisfactorily when there is at 
least a 60-psi differential between the high-pressure and 
the low-pressure sides of the valve. 

The thermosatic expansion valve is a delicate instrument, 
and should be handled carefully. If disassembly of the valve 
is necessary, follow the procedures specified in chapter 59 
of BuShips Marvual, or in the manufacturer's instruction 
book. 

INSPECTION SCHEDULES 

To ensure proper operation of any Freon-12 air condi- 
tioning plant, periodic inspections must be made of compres- 
sors, valves, motors, coils, etc., and a check must be kept on 
temperatures. 
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Daily Inspections 

The following inspections should be performed daily : 

1. Check all motors for overheating. 

2. Check the oil level in the crankcases of the compressors 
every two hours. 

3. Check for excessively high and low refrigerant 
pressures. 

4. Check the crankcases for low temperatures or excessive 
liquid Freon-12 returning to the crankcase. 

5. Clean the grease filters in the galley. 

Weekly Inspections 

Weekly inspections and maintenance should be performed 
as follows : 

1. Check all fans for unusual noise and vibration. 

2. Check all regularly operated valves and compressor 
seals for leaks. 

3. Check V-belts for proper tension. 

4. Check the flywheels and pulleys. 

5. Clean the evaporator coils which are not protected by 
filters. 

6. Clean and dust all equipment. 

7. Clean the air filters. 

Monthly Inspections 

Every month, a check of the system should be made, as 
follows : 

1. Check the V-belts for wear, and clean off all oil and 
dirt. 

2. Check all systems carefully for refrigerant leaks. 

3. Check and clean all automatic control and safety de- 
vices, also all switch contacts. 

4. Check and clean the condenser tubes when refrigerant 
or water temperatures indicate the need. 

5. Inspect the evaporator coils ; clean them at least every 
3 months, and more often if necessary. 

6. Inspect the zinc fingers in the condensers ; replace the 
zinc when deterioration amounts to as much as 30 percent. 
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Yearly Inspections 

The following inspections should be made at least once a 
year: 

1. Disassemble motors and inspect and clean the motor 
windings, as required. 

2. Wash out motor bearings and refill them with new 
motor oil. 

3. Wash out fan bearings, unless they are of the new type 
that requires no cleaning or oiling; check clearance; refill 
with new oil. 

4. Check rusting of metal parts on all equipment. 

5. Check all ball bearings; add grease when necessary. 

6. Test all gages at least once each year, more often if 
necessary. 

7. Inspect all insulation coverings of cold pipes, especially 
seams. Replace all rusted binding wires and rotted covering 
cloths ; add seamfiller where necessary. 

SUMMARY 

The primary function of air conditioning aboard ship is 
to keep personnel comfortable, alert, and physically fit at 
battle stations. 

Temperature, humidity, and air motion are closely inter- 
related in their effects upon comfort and health. Though 
all the combinations of temperature, relative humidity, and 
air motion of a specific effective temperature may produce the 
same feeling of warmth or coolness, they are not all equally 
comfortable. 

At present, the steam jet and lithium bromide types of air 
conditioning plants are in an experimental status. Since 
the Freon-12 plant is most commonly used, you will be con- 
cerned with its maintenance and inspections. The informa- 
tion given in the refrigeration chapter of this training course 
will be applicable to Freon-12 air conditioning plants. 
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QUIZ 



1. What is the primary purpose of air conditioning aboard ship? 

2. What term is used to describe air which, at a given temperature, 
is holding the maximum amount of moisture? 

3. What effect does a rise in air temperature have upon the air's 
capacity to hold moisture? 

4. What is specific humidity? 

5. Why is importance placed upon the control of relative humidity 
in air conditioning? 

6. A mixture of dry air and water vapor contains what kind(s) of 
heat? 

7. Within a compartment, when will the wet-bulb, dry-bulb and 
dew-point temperatures all be the same? 

8. Given a dry-bulb temperature of 80° P and a dew-point tempera- 
ture of 70° F, what will be the relative humidity of the air if 
the dry-bulb temperature is raised to 90* F? 

0. The body gains heat by what means ? 

10. When does the heat convection loss occur within the body? 

11. When a man is performing light work on a ship, how is the total 
amount of heat loss divided, for normal body comfort? 

12. What term describes the net effect of the temperature, humidity, 
and air motion factors? 

13. For best health conditions, what is the acceptable range limit of 
relative humidity during the summer? 

14. What does a comfort chart indicate? 

15. The steam jet plant operates on what principle? 

16. What is the purpose of the booster ejector in the steam jet plant? 

17. What air conditioning plant used aboard ship operates on the 
principle of the absorption cycle? 

IS. The amount of vacuum maintained in the shell unit of a lithium 
bromide plant, containing the evaporator and absorber, is depend- 
ent upon what factors? I 

19. Why is a heat interchanger added to the lithium bromide plant? i 

20. The Freon-12 air conditioning plant is referred to as what kind 
of system? 

21. How frequently should Freon-12 compressors be operated? 

22. Why is an external equalizer used in the Freon-12 air condi- 
tioning plant, instead of the internal equalizer which is used In 
the Freon-12 refrigeration plant? 



412 



23. In order for the Freon-12 air conditioning plant to operate satis- 
factorily, the minimum pressure differential between the high- 
and low-pressure sides of the thermostatic expansion valve should 
be how many psi? 

24. How frequently should the oil level in the crankcases of the 
Freon-12 compressors be checked? 

25. How frequently should compressor seals be checked for leaks? 
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CHAPTER 



PIPING SYSTEM REPAIR AND MAINTENANCE 

Reasonable care must be given the various piping assem- 
blies as well as the units connected by the piping. Unless 
the piping system is in good condition, the connected units 
of equipment cannot be operated efficiently and the safety 
of the ship's personnel may be imperiled. Therefore, you 
should be familiar with the recommended procedures and 
safety precautions for piping systems. 

Care of Piping Systems in General 

The most important factor in maintaining piping systems 
in satisfactory condition is keeping joints, valves, and cocks 
tight. To ensure this, it is necessary to make frequent 
inspections of the lines. 

When a ship is in operative status, quarterly tests should 
be made on the main and auxiliary feed systems and on all 
salt-water piping. These tests must be conducted under full 
working pressure, and must be carried on for a period of 
time long enough to disclose any leaks or other defects in the 
system. 

On ships in reserve or inoperative status, piping systems 
are never put under pressure for testing purposes only. How- 
ever, care must be taken to see that piping not in use is kept 
thoroughly drained. 

Piping should never be used for securing chain falls, for 
supporting weights, or as hand or foot holds. 
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Where piping passes through decks or bulkheads, and 
there is a possibility of movement of one with respect to the 
other, expansion bends or other offsets are usually provided 
to take up the movement (Sometimes stuffing boxes or 
flexible bulkhead and deck connections are used.) Similar 
provisions must be made when new piping is installed. 
Stuffing boxes, when used, should be examined and set up 
before air tests of compartments are made. 

Where instruction books are available for piping systems 
and associated equipment, they should be followed. How- 
ever, if the instructions conflict with those in BuShips 
Manual, the Bureau should be consulted. 

Painting of Piping 

External corrosion of piping is caused by not keeping the 
exterior surfaces properly painted and free of moisture. 
Graphite or asphaltum paint makes an excellent preservative 
for exterior piping surfaces. Piping in bilges, voids, and 
ballast tanks should not be painted unless it is of steel or iron, 
unprotected by galvanizing. Copper and brass pipe should 
never be painted. 

Identification Markings 

In addition to the regular painting all the piping through- 
out the ship must be stenciled, in letters 1*4 inches high, with 
the name of the service and destination. On pipe sizes 
smaller than 1 inch, identifying stencils % inch high may be 
used. Arrows 3 inches long indicating the direction of flow 
should be painted near the stenciled lettering. Arrowheads 
should point in the direction of the flow ; where the flow is 
reversible, there should be arrowheads pointing in both 
directions. 

Designations applied to piping should be in conspicuous 
locations, preferably near control valves, and at suitable 
intervals so that every line has at least one identification in 
each compartment through which it passes. The piping 
should be painted the same color as the compartment through 
which it passes. 
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Repairs 



Continual leakage at a joint where a branch line joins an- 
other line is generally due to improper alignment. When 
joints are out of line, the pipe should be realigned, so that 
flanges, screw threads, and unions meet properly without 
forcing. A slight alteration in the anchorages, connec- 
tions, hangers, or piping leads, to allow the required expan- 
sion and prevent strain, or the fitting of supports which will 
prevent vibration, will often be sufficient to correct leaky 
joints. On some flange joints it may be necessary to ref ace 
the flanges or to fit distance pieces. Small leaks in gaskets 
should be checked immediately, since a dangerous blowout 
may result from progressive growth of the leak. 

Permanent Repairs. Small holes may be plugged with a 
rivet or a screw. Soft solder patches are seldom permanent, 
especially on piping subject to expansion and contraction, or 
to vibration. 

To make permanent repairs on sections of leaky copper or 
brass tubing, the piping should be removed and the defect 
closed by brazing. 

Semipermanent Repairs. These are generally made by 
serving the piping with tightly drawn wire, soldered or 
brazed as it is applied. Several layers of wire securely 
bonded give a strong, tight repair. 

Temporary Repairs. Repairs of a temporary nature can 
be made by securing a patch over the leak. The material 
used for the patch depends on the purpose for which the 
piping is used. It is considered good practice to make the 
patch from the same material as is used for flange gaskets of 
the piping. Back up the patch with a piece of sheet metal 
and secure with metal bands. 
• For low-pressure salt-water piping, red lead putty 
wrapped with canvas and served with marlin or electric 
friction tape makes a satisfactory patch. A small leak in 
salt-water piping can be stopped by driving in a soft pine 
plug. The moisture will cause the wood to swell and remain 
in place. 
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Portland cement patches can be cast in place and secured 
by the band method, or they can be cast entirely around a 
low-pressure water line. Iron cement can be used effectively 
on iron or steel piping carrying low pressure. 

To remedy a defect in practically any size piping, a uni- 
versal soft patch device, illustrated in figure 13-1, can be 
applied. This device has been tested on piping of various 
hole sizes, and has satisfactorily withstood pressures from 
100 to 300 psi. 




Soft patch for emergency repair of leaky piping. 

NOTES 

1. Item A to be 20- or 22-gage steel metal. 

2. Item B to be sheet rubber one-eighth inch thick. 

3. Item C to be steel or composition. One set adaptable 
to nearly any size piping (slotted for item A). 

4. Diameter D of piping need not be fixed since by 
changing item A, any size of piping may be accom- 
modated. 

5. Clamping bolts are one-half inch in diameter. 

Figure 13-1. — Soft patch device. 

Emergency repair clamps similar to those shown in figure 
13-1 and emergency couplings can be found in repair lockers. 
If no emergency repair clamps are available, they can be 
readily made. 
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Insulation of Piping 

Copper, copper-nickel alloy, and brass piping in bilges 
must not rest in contact with the iron or steel components of 
the ship. All securing brackets and hangers for this piping 
should be lined with sheet lead or with some other soft metal, 
to prevent hardening of the piping or squeezing when tight- 
ening up on the brackets. 




Figure 13*2. — Insulation of bulkhead flange. 



Bulkhead flanges for all steam piping should be insulated 
to prevent the transfer of heat to the bulkhead. The flanges 
should also be insulated from the bulkhead (see fig. 13-2) 
with an approved heat-resisting material not affected by 
water and capable of sustaining, without crushing or injury, 
the compression produced by the bolts to secure water- 
tightness. 

SALT-WATER PIPING SYSTEMS 

In salt-water piping employing the same material through- 
out the system, cast iron protective spools and zinc boxes are 
not necessary — in fact, they are not desirable. 
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In salt-water piping systems with ferrous piping and non- 
ferrous valve (s) or fittings, cast iron spools would give ade- 
quate protection against galvanic corrosion. But because 
cast iron is vulnerable to shock, it is not satisfactory for 
service aboard naval vessels. A spool of copper or brass, 
with a steel or iron waste sleeve inserted, may be used. The 
waste sleeve gives the same protection from galvanic cor- 
rosion as would be obtained from the use of cast iron spools, 
and also provides a source of waste material which is not a 
strength member of the piping system. 

Renewal off Salt-Water Piping 

In the renewal of nonferrous piping systems, copper-nickel 
alloy piping should be used. In ferrous or nonferrous 
piping systems, replacements should be made in kind, i. e., 
using the same materials and protective coatings as found in 
the remainder of the system. However, if excessive mainte- 
nance has been performed, copper-nickel alloy piping may 
be used, provided the substitution is specifically approved 
by BuShips. 

Aids In the Preservation of Salt-Water Piping 

The life of all metals used in salt-water systems can be 
lengthened by performing the following : 

1. Eliminate grounds from electrical systems, particu- 
larly d-c circuits. 

2. Eliminate air from salt-water systems. 

3. Operate with minimum water velocities practicable. 

4. Eliminate leaks promptly. 

5. Insulate with sheet rubber the hangers which support 
piping other than that made of wrought iron or steel. 

6. Eliminate vibration or other sources of mechanical 
damage to piping. 

7. Eliminate wire-drawing by fully opening valves where 
throttling is not necessary. 

8. See that the electrical insulation effect of rubber-lined 
spools is maintained in ferrous piping systems. This can be 
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accomplished best by completely eliminating leaks, painting 
the flanges with insulating varnish, and covering the flanges 
with cloth to prevent sweating. 

9. Avoid subjecting piping with protective coatings (gal- 
vanized, tinned, solder- wiped) to heat which would cause 
local destruction of coating and promote galvanic action. 

VALVES 

Valves as well as other units of equipment require proper 
care and maintenance. Valve troubles should be corrected as 
soon as possible. 

Causes and Remedies off Valve Leakage 

Valve leakage is generally a result of the disk and the 
seat failing to make a tight joint, and this failure may be 
due to one of the following causes : 

1. Foreign substances (scale, dirt, waste, or heavy grease) 
are lodged on the seat in such a way that the disk cannot be 
seated. If the obstructing material cannot be blown through, 
the valve will have to be opened and cleaned out. 

2. Scoring of the seat or disk has been caused by attempts 
to close the valve on scale or dirt, or by corrosion. If the 
damage is slight, the valve may be made tight by grinding 
the disk together with the seat; if the damage is extensive, 
a cut will have to be made on the disk, and the valve seat 
ring may have to be renewed before it is ground. 

3. The disk may not seat properly because of a bent spin- 
dle guide, or a bent valve stem. 

4. The valve body or disk may be too weak for the pur- 
pose for which it is used, causing distortion of the valve 
seat or disk under pressure. 

5. In bronze valves fitted with seat rings, leakage through 
the valve may occur as the result of leakage around the 
threads of the seat rings. To correct this defect, remove the 
seat ring, clean the threads, and remake the joint. It may 
be necessary to recut the threads in the valve and to renew 
the seat ring to secure tightness. 

Loose Valve Disk. When a valve disk comes loose from 
its stem, the cause is either failure of the securing device or 
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corrosion through the stem. The first cause is infrequent in 
valves of good construction, and recurrence can be prevented 
by minor adjustments or by greater care in reassembling 
valve parts. Corrosion of the valve stems occurs mostly to 
valves installed in salt-water lines. Stems which have shown 
signs of corrosion should be inspected periodically so that 
replacement can be made before failure occurs. Replace- 
ments should be made with rolled monel-metal stems. In 
order to prevent failure caused by corrosion, split pins in 
valve disks in the water lines should be of nickel-copper 
alloy instead of iron, steel, or brass. 

Refacing, Grinding, and Spotting. If the seat and disk 
of a valve are scored badly, they should be refaced either in 
a lathe or with a reseating tool. Following the refacing, 
the seat and disk are ground together with an abrasive such 
as grinding compound, or powdered emery. 

Grinding may be difficult with heavy valves which are 
placed upside down or at an angle. In such cases it is best to 
use a jig to guide and support the disk, otherwise it will be al- 
most impossible to obtain satisfactory results. Some valves 
when ground cold will not be tight when heated ; the only 
solution is to grind the valve while hot. Heating can be 
accomplished either with a torch or by keeping a ring of 
red-hot metal in contact with the disk. 

In several cases, the use of high temperature high-pressure 
steam has resulted in serious wear and erosion of the valve 
parts, such as seat rings and disks, exposed to the steam. 
To prolong the life of these parts a process of surfacing by 
welding with a suitable heat-resisting alloy (such as cobalt- 
chromium to specification 46R5 or an approved alternate 
alloy) is recommended. An advantage of this process is that 
damaged weld metal can be removed by grinding and new 
material can be applied, thus retaining the original valve 
parts in service for a considerable time, and eliminating 
the expense and time required to manufacture entirely new 
valve parts. Minor defects may be removed by grinding to 
the extent of the thickness of the original welded surface. 
However, grinding of one welded surface against another 



421 



does not produce the most satisfactory seating surface and, 
therefore, should be avoided. The valve disk may be re- 
moved by grinding by machine tools; however, if it is im- 
practicable to remove the valve body, grinding of the seat 
ring should be accomplished by using grinding compound 
and a cast-iron dummy disk machined to the angle required. 
In some cases this angle may differ 1° or 2° from that of 
the disk. Detailed drawings of the valve should be referred 
to for this information. The dummy disk will require oc- 
casional machining to retain its proper angle and remove 
overlapping shoulders, which cause iregularities. 

Inspection of Sea Valves in Drydock 

When a ship is in drydock, the engineer officer should see 
that all outboard valves are inspected and entries made in the 
engineering log. The inspection m u st include the following : 
yoke, yoke rods, securing bolts, and internal valve parts 
(stem, disk, disk securing device, tightness of valve, and the 
threads of the valve stems of the main injection and over- 
board discharge gate valves) . 

On each outboard valve, at least two of the bolts holding 
the valve to the sea stool should be removed and inspected. 
The other bolts should be sounded with a hammer. If any 
bolt is defective, all the bolts of that valve must be removed 
for inspection. In addition, the gaskets should be inspected, 
and renewed if necessary. 

When sea gate valves are assembled, the gate should be in 
the half -open position before the bonnet bolts are tightened. 
This ensures that the guides in the valve bonnet align prop- 
erly with the guides in the valve body. 

Installation of Valves 

It is best to install a valve with the stem pointing straight 
upward. When the stem points downward, the bonnet acts 
as a pocket for scale or other foreign matter in the line. 
Such foreign matter may interfere with the valve operation 
by cutting and eventually destroying the inside stem threads. 
The recommended position for double-disk gate valves is 
with the stem upright ; the spreader mechanism in the disk 
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may jam if the valve is installed in any other position. If 
the valve must be installed with the stem in a horizontal 
position, a one-piece wedge disk valve is preferred. 

In liquid lines subject to freezing temperatures, the upside- 
down position for valves is undesirable, because liquid 
trapped in the bonnet may freeze and rupture the valve. As 
a precaution against freezing, valves in such lines, even when 
installed upright, should have drain plugs in the body. 

Globe Valves. Where the flow should be continuous, and 
where no harm could result from the valve being open because 
of a detached disk, the pressure from below the disk is ad- 
visable. This condition is best illustrated in the case of the 
disk of a globe valve in a boiler feed line which should have 
continuous flow. Pressure from above the disk might cause 
it to seat and check the flow. 

If damage would result from a disengaged disk being 
blown open and leaving the globe valve wide open, it is best 
to have pressure from above the disk. This may be illus- 
trated in the case of a valve used to regulate the flow of steam 
to a steam-driven pump. Should the disk become detached, 
the pressure from below might push the valve wide open and 
cause the pump to run wild. Here pressure from above the 
disk, as illustrated in figure 13-3, would be safer than pres- 
sure under the disk. 




Figure 13*3. Pressure and temperature above the disk. 
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Consider what may happen to a valve used for high- 
temperature service, if the pressure is under the disk. When 
the flow is shut off, the upper part of the valve is likely to 
cool. Cooling of the stem (see fig. 13-4) may cause sufficient 
contraction to unseat the valve just enough to cause leakage. 
The resulting extremely high rate of flow may cause severe 
erosion of the disk and seat. In this case, pressure from 
above the disk would be better than pressure under the disk. 

Unless pressure under the disk is definitely required, a 
globe valve will generally give more satisfactory service 
when installed with pressure above the disk. 




Figure 13—4. — Pressure under the disk. 



Check Valves. All check valves should be installed so 
that the disk will open with the flow. To ensure the closing 
of the disk when back flow occurs, the position of the check 
valves in the line must permit the disk to close by gravity. 

MECHANICAL REMOTE OPERATING GEAR 

Kemote-control operating mechanisms for emergency pur- 
poses are installed at various control points outside the space 
where the valves are located. In addition, there are remote- 
control mechanisms for other than emergency purposes; these 
mechanisms are generally located at operating stations. On 
board ship, there are generally three types of remote opera- 
tion: (1) manual, (2) hydraulic, and (3) pneumatic. 
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Remote operating gear is installed to permit operation of 
valves from remote control points when the compartments 
within which the valves are installed are untenable. For this 
reason it is imperative that these valves and their operating 
gear be kept in the best possible mechanical condition. 

All remote operating gear should be lubricated and valves 
operated through their full travel from remote control points 
at least once each week. This inspection, if not already in- 
cluded, should be incorporated in the weekly test and inspec- 
tion sheet. 

Flood valve and steam smothering system control valve 
operating gear should be inspected in accordance with spe- 
cific instructions. 

Steam smothering system control valve operating gear 
should be operated through the full valve travel at the same 
time that the steam smothering system is undergoing its peri- 
odic test. 

If the remote control gear jams as a result of structural 
damage, an immediate inspection should be made of the in- 
stallation, to determine the advisability of disconnecting the 
gear at the valve. Any deficiencies located during this in- 
spection should be corrected as soon as possible. 

STEAM TRAPS AND DRAINS 

Steam traps must be located below the lowest point to be 
drained and should be placed so as to be easily accessible 
for inspection and repair. A trap must have sufficient capac- 
ity to handle the maximum quantity of condensate that will 
reach it at any time. A trap that has been functioning prop- 
erly can be overloaded if additional drains are led to it as a 
result of piping alterations. 

Types of Traps 

The four types of traps used on naval ships are : (1) ther- 
mostatic traps, (2) ball-float or open-bucket traps, (3) im- 
pulse traps, and (4) continuous flow traps (without moving 
parts). 
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Thermostatic Traps. These are light-weight types of 
traps of compact design. The discharge through the ther- 
mostatic trap is controlled by expansion of vapor from a 
volatile liquid enclosed in a bellows-type element. These 
traps are primarily used for draining heating systems and 
auxiliary exhaust drain lines. Use is limited to pressures 
under 100 psi gage. Inasmuch as this type trap requires a 
temperature differential of 10° to 30° F, a length of pipe is 
required for cooling, between the unit drained and the trap. 

Ball- Float or Open-Bucket Traps. Compared with the 
thermostatic or pulsating types, these traps are larger, weigh 
more, and have additional working parts. The ball-float trap 
is occasionally used where the working pressures do not ex- 
ceed 100 psi. The inverted bucket traps are suitable for all 
services and pressures. 

Impulse Traps. These traps are suitable for all services 
where the discharge pressure is not more than 25 percent of 
the line pressure. They are very compact but have a definite 
steam leak when the condensate increases. 

Continuous Flow Traps (Without Moving Parts). 
These traps are suitable where condensate formation is con- 
tinuous and relatively constant. With a large reduction in 
condensate, the steam leakage may be too great for the sys- 
tem. These traps should not be used where slugs of water 
are developed. 

Inefficient Operation of Traps 

The principal causes of faulty operation, and the remedies, 
are: 

1. Punctured Float or Bucket. Remedy: Repair leak. 

2. Working Parts Adrift. Remedy : Secure the parts 
in place with additional securing devices to prevent 
repetition of the trouble. 

3. Valve Does Not Seat Properly : 

(a) Remedy: Use the hand tripping device, if 
provided, to dislodge any dirt or s~ale cauffht 
under the valve. 

(b) Remedy : Break the trap down and clean it. 
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4. Air-Bound. Remedy: Relieve by opening the air 
cock. When a cold trap is to be operated, leave the 
air valve open until steam or water issues from it. 

5. Sediment in Bottom of Trap. This condition may 
prevent proper operation. Remedy : Blow out if pos- 
sible ; otherwise, break the trap down and clean it. 

6. Open or Leaky Bypass Valves. Remedy: Close or 
tighten the valve. 

Inspection and Repair of .Traps 

All traps should be inspected quarterly and those found 
to be leaking should be repaired immediately. Leaky traps 
waste an enormous amount of steam. 

Traps should be adjusted, if possible, so that steam is never 
discharged, as the passage of steam produces erosion. Trap 
valves and valve seats which have given trouble as a result of 
erosion should be replaced with valves and seats made of 
nickel-copper alloy, or of steel faced with chromium-cobalt 
alloy. 

Traps should also be inspected to make sure that they com- 
ply with the following : 

1. They should be located at the lowest point to be 
drained. 

2. They should be placed where they are accessible for 
inspection and repair. 

3. They should not be subjected to pressures higher than 
designed pressure. 

4. They should not be subjected to a discharge head pres- 
sure of more than 1 foot of water for each 2 pounds of pres- 
sure within the trap. 

Every trap other than thermostatic is normally fitted with 
a small atmospheric test valve installed in the discharge line 
between the trap and the trap discharge cut-out valve. To 
test the operation, close the discharge cut-out valve and open 
the test valve. The trap should then be tripped and it should 
be noted whether or not the trap shuts off properly. Some 
steam will accompany the discharged condensate because of 
reevaporation of a portion of the condensate at a temperature 
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of 212° F, and atmospheric pressure. However, a sizzle of 
steam after the trap shuts off indicates a leak. Impulse traps 
require about 3 percent of full condensate capacity to prevent 
the discharge of live steam. If the cut-out valve leaks, a 
false indication will be given when the drain line is under 
pressure from some other leaky trap. To determine the 
source of leakage, close the trap inlet valve. If the sizzle 
stops, the trap is leaking; if it continues, the discharge cut- 
out valve is leaking. 

Principal Drain Systems 

All steam systems are drained through a closed system. 
On the newer ships, the main and auxiliary steam lines, in- 
cluding the 150-psi lines, are generally drained to the de- 
aerating feed tanks by means of the impulse traps. For 
under way operation the pressure in the drain line for main 
and auxiliary steam lines is approximately 35 psi gage. 
Whistles and sirens, also drained by impulse traps, drain to 
the same tank, but through an independent line. 

Fresh- Water Drain Collecting System. This system 
consists of atmospheric drains leading from the lowest point 
of all machinery parts where fresh water may collect and 
from which it is desirable to remove drainage when the ma- 
chinery is not operating. All such drains should be fitted 
with drain valves and open sight-flow devices (funnels) ar- 
ranged to prevent the entrance of foreign matter into the 
system. Any atmospheric drain from a closed fireroom dis- 
charging to this system should be fitted with a water seal 
(U-bend or equivalent) which will prevent leakage of air 
from the fireroom when the latter is under an air pressure 
up to 1*4 times the maximum specified for the particular 
ship. 

Salt- Water and Other Contaminated Leakage Drain 
Collecting System. This system is installed to collect salt- 
water drainage and oil leakage from machinery which nor- 
mally operates with leakage ; its purpose is to keep the bilges 
dry. The system carries this leakage to the bilge sump tank, 
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and it is then pumped to a contaminated oil tank, where the 
oil is allowed to settle out and the water remaining is pumped 
overboard. 

SAFETY PRECAUTIONS 

The following safety precautions for piping systems should 
be observed : 

1. Open bypasses, before opening large steam valves, to 
warm lines and equalize pressures. If bypasses are not fitted, 
crack the valves. 

2. Open trap bypasses when admitting steam to the pip- 
ing. 

3. Conduct a quarterly hydrostatic test of the main and 
auxiliary feed piping and all salt-water piping. 

4. Open drains during cold weather, to prevent freezing. 

5. Do not use piping as handholds or footholds. 

6. Exercise care in opening the steam blowing-out valve, 
to prevent a pressure in excess of 35 psi gage from building 
up in the sea chest. 

7. Examine the bypasses and traps if the feed tank shows 
an abnormal rise in temperature. 

8. Test the traps quarterly. 

SUMMARY 

For efficient operation of equipment and to promote per- 
sonnel safety aboard ship, the piping system must be main- 
tained properly. If trouble arises, the piping connections 
in the vicinity of the trouble should be checked carefully 
and corrected as soon as possible. 

Permanent repairs of copper or brass piping should be 
made by brazing. Semipermanent repairs of leaky piping 
sections may be made by serving the piping with tightly 
drawn wire, soldered or brazed as it is applied. Temporary 
repairs are generally made by securing a patch over the leak. 

Faulty valve operation should be checked and corrected as 
soon as possible. When necessary, valves should be refaced 
and ground, spotted in, and installed properly. 
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When a steam trap does not operate efficiently, the trouble 
should be located and remedied, if possible, as recommended 
in BuShips Manual or in the manufacturer's instruction book. 

Make certain that you are familiar with the general pre- 
cautions concerning the application and maintenance of in- 
sulation. In addition, the safety precautions for piping 
systems, recommended by BuShips, should be observed. 

QUIZ 

1. On ships in an operative status, bow often should the main and 
auxiliary feed systems and all salt-water piping be tested? 

2. What preservatives are recommended for exterior surfaces of 
piping? 

3. If a small leak in a gasket of a piping joint Is not remedied u» 
soon as possible, what may be the result? 

4. How should permanent repairs of copper or brass piping be made i 

5. How should securing brackets and hangers for copper-nickel alloy 
and brass piping in bilges be lined? 

6. When replacing nonferrous salt-water piping, what kind of pipiu* 
should be used? 

7. What should be done with a slightly scored valve seat? 

8. Corrosion of valve stems occurs mostly to valves installed In 
which lines? 

9. What should be done with a badly scored valve seat and disk? 

10. When sea gate valves are assembled, why should the gate be In 
the half -open position before the bonnet bolts are tightened? 

11. What is the best position in which to Install a valve? 

12. What determines the proper method for installing a globe valve? 

13. How often should valves fitted with remote operating gear be 
lubricated and operated through their full travel from remote 
control points? 

14. How should a steam trap be installed in a piping system? 

15. How do ball-float traps differ from thermostatic or pulsating 
steam traps? 

16. If a steam trap is not operating efficiently because the working 
parts are adrift, what should be done to remedy the trouble? 

17. How often should steam traps be inspected? 

18. What percentage of full condensate capacity is required by Im- 
pulse traps to prevent the discharge of live steam? 

19. On most recent vessels, what lines generally drain to the deaerat- 
ing feed tanks by means of the impulse traps? 

20. If the feed tank shows an abnormal rise in temperature, what 
should be examined? 
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CHAPTER 




LATHE MACHINING OPERATIONS 

PRELIMINARY STEPS 

Although machine shop work is generally done by men 
in other ratings, there may be times when you, as a Machin- 
ist's Mate, will find the use of a lathe essential in order to 
complete a repair job. Since you should already be familiar 
with the construction of the lathe, only information rela- 
tive to lathe operation is covered in this chapter. You 
should know the preliminary steps leading up to the per- 
formance of machine work with the lathe — how to mount 
the work and the tool, and what tools to use for various 
purposes. You should now be ready to take up the method 
of using the proper tools in combination with the lathe to 
turn, bore, and face the work to the form or shape desired, 
and to cut external and internal screw threads. 

Before you begin manufacturing any piece, study the 
blueprint. Check over the dimensions and note the points 
or surfaces from which they are laid out. Make sure from 
the over-all dimensions that the stock you intend to use is 
large enough for the job. Plan the steps of your work in 
advance, in order to determine the best method of procedure. 

Accuracy is the prime requisite of a good machine job; 
before you start, make sure that the centers are true and 
properly aligned, that the work is mounted properly, and 
that the cutting tools are correctly ground and sharpened. 

For the purpose of instruction we will start with a job that 
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is to be machined on centers. Let us assume that we find, on 
testing, that the lathe centers are not true. It will be neces- 
sary then to make them true before proceeding with the work. 

Truing the Lathe Center 

Lathe centers are usually too hard to be machined with a 
cutting tool and will require annealing. If annealing is 
necessary for truing a lathe center, you will probably request 
a replacement or submit a job order for the machining job. 
In most cases, you will use an electric tool post grinder, 
if available, to true up a lathe center. 

To true a lathe center with a tool post grinder, remove the 
driving plate from the spindle. Before proceeding with 
the truing operation, examine the tapered hole in the spindle 
and see that all dirt and chips are removed. With a piece 
of rag on the end of a stick, thoroughly clean the tapered 
hole. Examine the shank of the lathe center and make sure 
that no chips are embedded in it and that all dirt is removed. 




Figure 1 4—1 . — Truing a lathe center with a tool post grinder. 



432 



First, place the center firmly in the spindle, and set the 
compound rest at an angle of 30° with the axis of the lathe. 
Second, mount a tool post grinder or grinding attachment 
on the lathe, as shown in figure 14-1. Third, cover the ex- 
posed ways of the lathe with cloth or paper to prevent the 
grinding grit reaching the bearing surface of the bed and 
cross slides. Fourth, put the headstock in gear to give ap- 
proximately 200 rpm to the spindle, and with grinding wheel 
and center running in opposite directions, take a light cut 
over the center point, feeding the wheel across the point by 
means of the compound rest feed handle. (See fig. 14-1.) 
Continue to feed the wheel back and forth until it is cutting 
evenly all around, and on the entire length of, the center 
point, and then check the angle with a standard center gage 
Reset the compound rest if necessary and continue grinding 
until the center fits the center gage exactly. The accuracy 
of the fit can be observed by placing an electric-light bulb 
beneath the center and looking for light between the center 
point surface and the edge of the center point gage. 

Testing Center Alignment 

For very accurate work, especially if the piece is long, the 
following test is necessary to correct any small errors in align- 
ment not otherwise detected. 

The work to be turned, or a piece of stock of similar length, 
is mounted on the centers. With a turning tool in the tool 
post, take a narrow cut to a depth of a few thousandths of an 
inch at the headstock end of the work. Then remove the 
work from the centers to allow the carriage to be run back 
to the tailstock without the tool being withdrawn. Do not 
touch the tool setting. Replace the work in the centers, and 
with the tool set at the previous depth take another narrow 
cut coming in from the tailstock end. With a micrometer 
caliper, compare the diameters over these cuts. If the diam- 
eters are exactly the same, the centers are in perfect align- 
ment; if the diameters are different, the tailstock must be 
adjusted in the required direction by means of the set-over 
adjusting screws. Repeat the above test and adjustment 
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until a cut at each end produces equal diameters. The test, 
however, will be useless unless the lathe centers are true and 
accurate. 

Facing the Job on Centers 

When accurate work is to be machined on centers, the first 
thing to do is to face the ends of the work. This is not only 
to get the ends square and clean, but also to machine the work 
to the proper length. 




Figure 1 4-2. — fating a shaft. 



Figure 14-2 shows the method of facing a cylindrical piece. 
The work is placed on centers and driven by a lathe dog. A 
right-hand side tool is used, and a light cut is taken on the 
end of the work, feeding the tool (by hand cross-feed) from 
the center toward the outside. One or two cuts are taken to 
remove sufficient stock to true up the work. The dog is then 
placed on the other end of the work and faced to the proper 
length. A steel scale is used to measure off the length; an- 
other scale or straightedge held on the end that has just been 
faced provides an accurate base from which to measure. The 
desired dimension is marked off with a prick punch. Fins 
or burrs on the finished end will keep the straightedge from 
bearing accurately. 

Direction of Feed With Work on Centers 

For machining a job on centers in the lathe, the feed of the 
tool should be, when possible, in the direction of the head 
spindle. The reason is obvious : When the carriage is feeding 
toward the head spindle and the tool taking a heavy chip, 
the pressure is on the head spindle center, which revolves 
with the work and hence does not wear. It is good practice 
to take as much load as possible off the dead center (tailstock 
center) . 
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PLAIN TURNING 

Plain turning is the shaping of a piece of stock into a 
cylindrical surface. 

Rough Turning 

When a great deal of stock is to be removed from the work, 
heavy cuts (rough turning) should be taken in order to finish 
the job in the least possible time. 

A roughing tool should be selected for taking a heavy chip. 
The speed of the work, and the amount of feed of the tool, 
should be as great as the tool will stand. 

When taking a roughing cut on steel or cast iron, or any 
metal that has a scale upon its surface, be sure to set the tool 
deep enough to get under the scale in the first cut, because 
unless you do, the scale on the metal will dull the point of 
the tool. 

The work should be rough machined to almost the finished 
size ; then care in measuring is required. 

Remember that the diameter of the work being turned is 
reduced by an amount equal to twice the depth of the cut; 
thus if you desire to reduce the diameter of a piece by one- 
fourth of an inch, only one-eighth of an inch of metal must be 
removed from the surface. 

Figure 14r-3 shows the position of the turning tool taking a 
heavy chip on large work. The tool should be set so that if, 
during machining, anything occurs to change the position of 




Figure 14—3. — Petition ef the turning tool taking a heavy cut en large work. 
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the tool, it will not dig into the work, but rather will move in 
the direction of the arrow — away from the work. Setting the 
tool in this position sometimes prevents chatter. 

Finish Turning 

When the work has been rough turned to within about % 2 
inch of the finished size, take a finishing cut. A fine feed, the 
proper lubricant, and above all a keen-edged tool are nec- 
essary to produce a smooth finish. Caliper carefully to be 
sure that you are machining the work to the proper dimen- 
sion. Stop the lathe when measuring with calipers. 

It is advisable to see that the work is not hot when the 
finish cut is taken, especially where very close limits are to be 
held. If the piece has been turned to the exact size, cooling 
would leave it undersized. 

On work that is to be finished by a cylindrical grinder, a 
limited amount of stock is usually left for grinding to the 
finished dimensions. 

Perhaps the most difficult operation in machine work is to 
make accurate measurements. So much depends on the ac- 
curacy of the work that you should make every effort to be- 
come proficient in the use of measuring instruments. A cer- 
tain "feel" in the application of calipers is developed through 
experience alone ; so do not be discouraged if your first efforts 
do not produce perfect results. Practice taking caliper 
measurements on pieces of known dimensions. You will ac- 
quire skill with persistent practice. 

Machining to a Shoulder 

Machining to a shoulder is often done by locating the 
shoulder with a parting or cut-off tool. (See A of fig. 14-4.) 
The parting tool is inserted about % 2 mcn b*ck of the 
shoulder line, and penetrates the work to within % 2 mcn 
or the smaller diameter of the work. Then the stock may 
be machined by heavy chips up to the shoulder thus made. 
Machining rough cuts to a shoulder eliminates the need for 
frequent measuring, and speeds up production. 
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In figure 14-4, B illustrates the method of shouldering. 
A parting tool has been used and the turning tool is taking 
a cut. It will be unnecessary to waste any time taking 
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Figure 1 4— 4.— Machining to a shoulder. 

measurements. You can devote your time to rough machin- 
ing until the necessary stock is removed. Then you can 
take a finishing cut to accurate measurement. 




Figure 14—5. — Facing a shoulder with a filfet. 
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Facing a Shoulder 

Figure 14-5 shows the application of a turning tool in 
finishing a shouldered job having a fillet corner. A finish 
cut is taken on the small diameter. The fillet is machined 
with a light cut ; then the tool is used to face from the fillet 
to the outside diameter of the work. 

BORING 

Boring is the machining of holes or of any interior cylin- 
drical surface. The piece to be bored must have a drilled or 
cored hole to start with, and the hole must be large enough 
to insert the tool. The boring process merely enlarges the 
hole to the desired size or shape. The advantage of boring 
is that the hole that is obtained is perfectly true ; also, two 
or more holes of the same or different diameters may be 
bored at one setting, thus ensuring absolute alignment of 
the axis of the holes. 

It is the usual practice to bore a hole to within a few 
thousandths of an inch of the desired size and then finish it 
with a reamer to the exact size. 

Work to be bored may be held in a chuck, bolted to the face- 
plate, or bolted to the carriage. In the case of a long piece, 
the free end must be supported in a center rest. 

When the boring tool is fed into the hole in work being ro- 
tated on a chuck or faceplate, the process is called single point 
boring. It is the same as turning except that the cutting 
chip is taken from the inside. The cutting edge of the boring 
tool resembles that of a turning tool. Boring tools may be 
of either the solid forged type or the inserted cutter bit type. 

When the work to be bored is clamped to the top of the 
carriage, a boring bar is held between centers and driven by a 
dog. The work is fed to the tool by the automatic longi- 
tudinal feed of the carriage. Three types of boring bars are 
shown in figure 14-6 ; note the countersunk center holes at the 
ends to fit the lathe centers. 

In figure 14—6, A illustrates a boring bar fitted with a fly 
cutter held by a headless setscrew. The other setscrew, bear- 
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ing on the end of the cutter, is for adjusting the cutter to the 
work. 

In figure 14-6, B indicates a boring bar that is fitted with a 
two-edge cutter held by a taper key. This is more of a finish- 
ing or sizing cutter, as it cuts on both sides and is used for 
production work. 




Figure 14-6. — Bering bars. 



The boring bar shown in C of figure 14-6 is fitted with a 
cast-iron head to adapt it for boring work of large diameter. 
The head is fitted with a fly cutter similar to the out shown 
in A of figure 14-6. The setscrew with the tapered point 
adjusts the cutter to the work. 

TAPERS 

Turning a taper is another lathe operation which you may 
have to perform. The term taper may be defined as the 
gradual lessening or increasing of the diameter or thickness 
of a piece of work toward one end. The taper of any given 
length of work is found by subtracting the size of the small 
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end from the size of the large end. Taper is usually ex- 
pressed as the amount of taper per foot of length, or as an 
angle. 

Computing the Amount of Taper 

To illustrate how the amount of taper per poot is com- 
puted, let us take two examples. 

1. Find the taper per foot of a piece of work 2 inches long ; 
the diameter of the small end is 1 inch, the diameter of the 
large end is 2 inches. 

The taper per foot is found by subtracting the small diam- 
eter from the large diameter, dividing by the length of the 
taper, and multiplying the quotient by 12. The taper in this 
case is (2 inches — 1 inch) divided by 2 inches and multiplied 
by 12. 

X 12, or i/ 2 X 12=6 inches 




Figur. 14—7. — Tapert. 
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Therefore the taper is 6 inches per foot. (See fig. 14-7, 
Ex. No. L) 

2. Find the taper per foot of a piece 6 inches long; the 
diameter of the small end is 1 inch ; the diameter of the large 
end is 2 inches. 

The diameters are the same as in example 1 ; however, the 
length of this taper is 6 inches. 

Hence, the taper per foot is % X 12, or 2 inches. (See fig. 
14-7, Ex. No. 2.) 

From the foregoing, it is obvious that the length of the 
tapered piece is very important in computing a taper. A 
suggested formula for computing the length of any taper is : 

(Large di am — small diam) X 12 A - . , 

^ — — r- — 5- 5 — ; — = Amount of taper per foot 

length of tapered piece 

(All of the above measurements must be in inches.) 

Now let us consider the angle of the taper. In a round 
piece of work, the included angle of the taper is twice the 
angle that the surface makes with the axis or centerline. 
In straight turning, it will be recalled, the diameter of a piece 
is reduced by twice the depth of the cut taken from its sur- 
face. In the same way, the included angle of the taper is 
twice the angle that the path of the cutting tool makes with 
the axis or centerline of the piece being turned. 

Standard Tapers 

There are several well-known tapers that are recognized 
as standards for machines on which they are used. These 
standards make it possible to obtain parts to fit the machine 
in question without the necessity of detailed measuring and 
fitting. When the name and number of the standard taper 
being used is designated, all pertinent measurements (length, 
diameters, and taper per foot) are immediately obtainable 
by reference to appropriate tables found in machinist's 
handbooks. 

There are tables in all machinist's handbooks that give the 
angles for different amounts of taper per foot. A sample of 
such a table follows : 
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Taper per foot 


Angle of the taper 


Angle of the ta 
surface with t 
oenterline 




Taper per 
Inon from 
centerline 






Degrea 


Minute* 


Degree* 


Minute* 




X— - 




0 


36 


0 




18 


0. 01O42 






0 


54 


0 




27 


. 01563 


X— - 




1 


12 


0 




36 


. 02083 






1 


30 


0 




45 


. 02604 


X — 




1 


47 


0 




54 


. 03125 


He--- 




2 


5 


1 




3 


. 03646 


X— - 




2 


23 


1 




12 


. 04167 


Xe— 




2 


41 






21 


. 04688 


X— - 




3 


0 


} 




30 


. 05208 


»x«~ 




3 


17 






38 


. 05729 


X— - 




3 


35 






47 


. 06250 


»Xe- 




3 


53 






56 


. 06771 


X— - 




4 


11 


2 




5 


A.7OQ0 


•X«- 




4 


28 


2 




14 


. 07813 


1 




4 


46 


2 




23 


. 08333 


2 




9 


32 


4 




46 


. 16667 



The three best known standard tapers are: (1) the 
morse taper (approximately % inch per foot) used for the 
taper holes in lathe and drill press spindles and the attach- 
ments that fit them, such as lathe centers, drill shanks, etc. ; 
(2) the brown & sharpe taper inch per foot, except No. 10, 
which is 0.5161 inch per foot) used for milling machine 
spindle shanks; and (3) the jarno taper (0.6 inch per 
foot) used by some manufacturers because of its simplicity, 
it being the only taper that is constant and does not require 
use of a table to find the various dimensions pertaining 
to its parts. 

For example, 

i . , , , number of taper. 

diameter of large end= 5 c — > 

o 

,. ^ 11 i number of taper, 
diameter of small end= r~ — > 

i _xi_ # a number of taper 
length of taper = ^ — 
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DETAIL DIMENSIONS 



NUMBER OF TAPER 


0 


1 


2 


3 


4 


5 


G 


7 


Diameter of plug at small end 


D 


0.252 


0.3G9 


0.572 


0.778 


1 020 


1.475 


2. 116 


2.750 


Diameter at end of socket. 


A 
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.475 


.700 


.038 


1 231 


1 748 


2.404 


3.270 


Shank: 




















Whole length of shank 


B 




2*6 


3V4 


3*4 


4H 


614 




lift 


Shank depth 




2fci 


2J1» 


lifci 


3'Mt 


4*4 


5*4 


III* 


Depth of hole 


H 


2Hs 


2*t 


2H 


3K 


4V4 


5M 


% 


H»4 


Standard plug depth 


P 


2 




2*i# 


3Mt 


4H« 


5*1 • 


7H 


10 


Tongue: 

Thickness of tongue 


















t 


Hi 




H 




»Ht 


H 


It 


IM 


Length of tongue 


T 


M 


H 






H 


N 


IM 


H4 


Diameter of tongue 


d 


.235 


.343 


mi 








2 


2H 


Keyway: 












Width of keyway 


W 


.iao 


.213 


.260 


.322 


.478 


.635 


.760 


1.135 


Length of keyway 


L 






Zt 




n« 


1H 


IN 


2*4 


End of socket to keyway 


K 


PKe 


2Mt 


2H 


3Ht 


3H 


4'*U 


7 




Tai>er per foot 




62.«i 


.600 


.602 


.602 


623 


.630 


.620 


.025 


Taj*r per inch 




.00206 


.05 


.05016 


.05016 


.05101 


.0525 


.05216 


.0520a 


Numtier of key 




0 


1 


2 


3 


4 


5 


6 


7 



Figure 14-8. — Morse standard tapers. 



The taper for pipe ends, % inch per foot, is also considered 
a standard. 

Since Morse tapers are used for lathe spindle holes and 
the attachments that fit them, a copy of a Morse taper table 
is shown in figure 14-8. You will no doubt have more use 
for this taper than for any other standard taper. 

Methods of Turning Tapers 

In ordinary straight turning the cutting tool moves along 
a line parallel to the axis of the work, causing the finished 
job to be the same diameter throughout its length. If, how- 
ever, the cutting tool moves at an angle to the axis of the 
work, the diameter of the piece being turned gradually in- 
creases or decreases from one end to the other and a taper 
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is produced. Therefore, to turn a taper it is necessary 
either to mount the work in the lathe so that the axis upon 
which it turns is at an angle to the axis of the lathe, or to 
cause the cutting tool to move at an angle to the axis of the 
lathe. 

There are three methods in common use for turning tapers: 

1. Set over the tailstock, to move the dead center away 
from the axis of the lathe. This causes work supported 
between centers to be at an angle with the axis of the lathe. 

2. Use the compound rest set at an angle. This causes 
cause the cutting tool to move at an angle to the axis of the 
lathe. 

3. Use the taper attachment. This also causes the cutting 
tool to move at an angle to the axis of the lathe. 

In the first method the cutting tool is fed by the longitu- 
dinal feed parallel to the lathe axis, but a taper is produced 
because the work axis is at an angle. In the second and 
third methods the work axis coincides with the lathe axis, 




Figure 14-9. — Setting and measuring toilttock set-over for taper turning. 
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but a taper is produced because the cutting tool moves at 
an angle. 

Setting Over the Tailstock. The tailstock may be 
moved laterally on its base by means of adjusting screws, 
indicated by X and Y in figure 14-9, A. These adjusting 
screws are used to align the tailstock center with the head- 
stock center, by moving the tailstock to bring it on the center- 
line. For taper turning we deliberately move the tailstock 
off center, and the amount we move it determines the taper 
produced. The amount of set-over can be approximately set 
by means of the zero lines inscribed on the base and top of 
the tailstock, as shown in A of figure 14-9. Then for final 
adjustment, the set-over is measured with a scale between 
center points, as illustrated in figure 14-9, B. 

In turning a taper by this method the distance between 
centers is of utmost importance. To illustrate the impor- 
tance of considering the length of work, figure 14-10 shows 
how two very different tapers are produced by the same 
amount of set-over of the tailstock, when the length of the 
work between centers is greater in one case than in the other. 
The closer the dead center is to the live center, the steeper 
is the taper produced. 




Figure 1 4-10. — Significance of stock length in turning a taper by the tall dock 

itt-ovtr method. 



Suppose it is desired to turn a taper on the full length of 
a piece 12 inches long with one end having a diameter of 
3 inches, and the other end a diameter of 2 inches. The small 
end is 1 inch smaller than the large end ; so we set the tail- 
stock over one-half this amount — y 2 inch in this case. Thus 
at one end the cutting tool will be % inch closer to the center 
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of the work than at the other end, so the diameter of the 
finished job will be 2 X i£ or 1 inch less at the small end. 
Since the piece is 12 inches long, we have produced a taper 
of 1 inch per foot. Now, if we wish to produce a taper of 1 
inch per foot on a piece only 6 inches long, the small end 
would be only y 2 inch less in diameter than the large end ; 
therefore, the tailstock would be set over *4 inch, or one-half 
of the distance used for the 12-inch length. 

From the foregoing it is seen that the set-over is propor- 
tional to the length between centers and may be computed 
by the following formula : 

0 2 A 12' 

where S is the set-over in inches, T is the taper per foot in 
inches, and is the length in feet. 

Remember that L is the length of the work from live center 
to dead center. If the work is on a mandrel, L is the length 
of the mandrel between centers. 

The tailstock set-over method is perhaps the oldest and 
most used method of turning tapers. However, it cannot be 
used for steep tapers, because the set-over necessary would be 
too great and the work would not be properly supported by 
the lathe centers. It is obvious that with set-over there is 
not a true bearing between the work centers and the lathe 
center points, and that the bearing surface becomes more and 
more unsatisf atory as the set-over is increased. 

After turning a taper by the tailstock set-over method, 
don't forget to realign the centers for straight turning, to be 
ready for your next job. 

Use of the Compound Rest. The compound rest is gen- 
erally used for short, steep tapers. It is set at the angle which 
the taper is to make with the centerline (that is, half the 
included angle of the taper) . The tool is then fed to the work 
at this angle by means of the compound rest feed screw. 
The length of the taper that can be machined is necessarily 
short because of the limited travel of the compound rest top. 
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Truing a lathe center is one example of the use of the 
compound rest for taper work (see fig, 14-1). Other ex- 
amples are the refacing of a valve (illustrated in fig. 14-11), 
the machining of the face of a bevel gear, and similar work. 
Such jobs are often referred to as working to an angle rather 
than as taper work. 




Figure 14—11. — Taper work; refacing a valve. 



The graduations marked on the compound rest provide a 
quick means for setting it to the angle desired. When set 
at zero, the compound rest is perpendicular to the lathe axis. 
When set at 90° on either side, it is parallel to the lathe axis. 

On the other hand, when the angle to be cut is measured 
from the centerline, the setting of the compound rest corre- 
sponds to the complement of that angle. (The complement 
of an angle is that angle which added to it makes a right 
angle; that is, angle plus complement =90°.) For example, 
to machine a 50° included angle (25° angle with centerline), 
the compound rest is set at 90° — 25°, or 65°. 

When a very accurate setting of the compound rest is to be 
made — for example, to a fraction of a degree — run the car- 
riage up to the faceplate and set the compound rest with a 
bevel protractor set to the required angle. The blade of the 
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protractor is held on the flat surface of the faceplate and the 
stock is held against the finished side of the compound rest. 

Use of the Taper Attachment. For turning and boring 
long tapers with accuracy, the taper attachment (fig. 14-12) 
is indispensable. It is especially useful in duplicate work; 
identical tapers can be turned and bored with one setting of 
the taper guide bar. 




Figure 14—12. — Turning a taper with a taper attachment. 



The guide bar is set at an angle to the lathe axis corre- 
sponding to the taper desired. By means of a shoe which 
slides on this guide bar as the carriage moves longitudinally, 
the tool cross slide is moved laterally. The resultant move- 
ment of the cutting tool is along a line that is parallel to the 
guide bar, and therefore a taper is produced whose angular 
measurement is the same as that set on the guide bar. To 
facilitate rapid setting, the guide bar is graduated in degrees 
at one end, and in inches per foot of taper at the other end. 

When preparing to use the taper attachment, run the car- 
riage up to the approximate position of the work to be turned. 



448 



Set the tool on line with the centers of the lathe. Then bolt 
or clamp the holding bracket to the ways of the bed (the at- 
tachment itself is bolted to the back of the carriage saddle) . 
Disconnect the cross-feed nut from the cross slide of the com- 
pound rest and tighten the clamp (C in fig. 14-12). The 
taper guide bar now controls the lateral movement of the 
cross slide. Set the guide bar for the taper desired and the 
attachment is ready for operation. The final adjustment of 
the tool for size must be made by means of the compound rest 
feed screw, since the cross-feed screw is inoperative. 

For turning tapers — or for boring them either by the use 
of the compound rest or the taper attachment — the cutting 
edge of the tool should be set exactly at the center of the 
work. In other words, set the point of the cutting edge even 
with the height of the lathe centers. 

Tasting a Tap«r Fit 

In testing the taper on a piece of work that is to fit a spindle 
and is nearly finished, make a chalk mark along the element 
or side of the taper piece. Place the work in the taper hole 
it is to fit and turn carefully by hand. Then remove the 
work, and the chalk mark will show where the taper is bear- 
ing. If the taper is a perfect fit, this will be indicated along 
the entire line of the chalk mark ; if the fit is not perfect, the 
chalk mark will show where the adjustment is needed. Make 
the adjustment, take another light chip, and test again. Be 
sure the taper is correct before turning to the finished 
diameter. 




Figure 14—13.— Mere* standard taper gagas. 
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Figure 14-13 shows a Morse standard taper plug and a 
taper socket gage. They not only give the proper taper, but 
also show the proper distance that the taper should enter the 
spindle. 

CUTTING SCREW THREADS 

The application of the screw thread is well known to all 
who work with machinery. The screw thread not only pro- 
vides a means for fastening parts together, but is used to 
transmit motion and to provide leverage ; and in precision in- 
struments it is a means for measuring minute distances. The 
lead screw and cross- feed screw of a lathe are good examples 
of a screw thread used to transmit motion. 

You are familiar with the various types of screw threads 
and you know that they differ in the form of their cross sec- 
tion. If you are in doubt as to applications, types, terms, 
and fundamentals relating to screw threads, refer to such 
training courses us Use of Tools (NavPers 10623) and Basic 
Machines (NavPers 10624), or to an engineers' handbook. 

The American national screw thread has been estab- 
lished as a standard system of screw threads in the United 
States. This type of thread is generally used by all machine 
shops. However, there are applications where more strength 
is required than can be provided by the American National 
Thread. In such cases, the acme and square threads are 
used. For example, the lead screw of a lathe has an Acme 
thread while a jack screw usually has a square thread. 

Since the American National Thread is the most commonly 
used, tables for both the Coarse thread series (nc) and the 
Fine thread series (nf) are given in the table on page 451. 

Cutting screw threads in the lathe is accomplished by con- 
necting the headstock spindle of the lathe with the lead screw 
by a series of gears in such a way that a positive carriage feed 
is obtained and the lead screw is driven at the required speed 
with relation to the headstock spindle. The gearing between 
the headstock spindle and lead screw may be arranged so 
that any desired pitch of the thread may be cut. For ex- 
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ample, if the lead screw has 8 threads per inch and the gears 
are arranged so that the headstock spindle makes four com- 
plete revolutions while the lead screw is making only one 
revolution, the thread cut will be four times as fine as the 
thread on the lead screw, or 32 threads per inch. With a 
quick-change gear box, the proper gearing arrangement for 
the thread desired can be made quickly and easily by placing 
the levers as indicated on the index plate. 

When the lathe is set up to control the movement of the 
carriage for cutting the pitch of the thread desired, the next 
consideration is the shaping of the thread. The cutting tool 
is ground to the shape required for the form of the thread to 
be cut: V, Acme, square, etc. The depth of the thread is 
obtained by adjusting the cross slide. 

Mounting the Work in the Lathe 

When mounting work between the lathe centers for cutting 
screw threads, make sure that the lathe dog is securely at- 
tached before starting to cut the thread. If the dog should 
slip, the thread will be ruined. Never remove the lathe dog 
from the work until the thread has been completed, and if it 
is necessary to remove the work from the lathe before the 
thread is finished, make sure that the lathe dog is replaced 
in the same slot of the driving plate. 

When threading work in the lathe chuck, make sure that 
the chuck jaws are tight and that the work is well supported. 
The chuck must be tight enough on the spindle to prevent un- 
screwing when the lathe is reversed. Never remove the 
work from the chuck until the thread is finished. 

When threading long slender shafts, use a follower rest. 
The center rest may be used for supporting one end of long 
work that is to be threaded on the inside. 

Tools for Cutting American National Threads 

The point of the tool must be ground to an angle of 60°, 
as shown in figure 14-14. A center gage or a thread-tool 
gage is used for grinding the tool to the exact angle required. 
The top of the tool is usually ground flat, with no side rake 
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or back rake. However, for cutting threads in steel, side 
rake is sometimes used. 

A formed threading tool is generally used if considerable 
threading is to be done. Formed threading tools require 
grinding on the top edge only to sharpen and therefore 
always remain true to form and correct angle. 




R«vre 14-14. — Threading tool for American National Standard icrow threads. 

For cutting American National Standard screw threads 
finer than 10 per inch, the point of the tool is usually left 
sharp or with a very small flat to provide clearance at the 
bottom of the thread. However, for cutting coarse pitches 
of thread, and when maximum strength is desired, the point 
of the tool may be ground flat to conform to the exact shape 
of the thread. The flat on the point of the tool should be 
one-eighth of the pitch. (See fig. 14-15.) 

For external thread cutting, the top of the threading 
tool should be placed exactly on center as shown in A of 
figure 14-16. Note that the top of the tool is ground flat and 
is in exact alignment with the lathe center. This is neces- 
sary to obtain the correct angle of the thread. 

The threading tool must be set square with the work, as 
shown in B of figure 14-16. The center gage is used to 
adjust the point of the threading tool and if the tool is 
carefully set, a perfect thread will result. Of course, if the 
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Figure 14-15. — American National Standard screw thread. 




Figuro 14-16. — Setting the threading tool for cutting external scrow threads. 
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threading tool is not set perfectly square with the work, 
the angle of the thread will be incorrect. 

For internal thread cuttino, the point of the threading 
tool is also placed exactly on center (fig. 14-17, A). The 
point of the tool must be set perfectly square with the work. 
This may be accomplished by fitting the point of the tool into 
the center gage which is set square with the work as shown 
in B of figure 14-17. 




B 

Figure 14—17. — Setting the threading tool for cutting internal threads. 

The size of the threading tool for cutting an internal 
thread is important, because the tool head must be small 
enough so that it can be backed out of the thread and still 
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leave enough clearance so that it can be drawn from the 
threaded hole without injuring the thread. However, the 
boring bar which holds the threading tool for internal 
threading should be as large in diameter and as short in 
length as possible, to prevent springing. 

Position of Compound Rest for Cutting Screw Threads 

Ordinarily on threads of fine lead, the tool is fed straight 
into the work in successive cuts. For coarse threads it is 
better to set the compound rest at one-half of the included 
angle of the thread, and feed in along the side of the thread. 
For the last few finishing cuts the tool should be fed straight 
in with the cross-feed of the lathe to make a smooth finish on 
both sides of the thread. 

Use of the Thread-Cutting Stop 

On account of the lost motion caused by the play necessary 
for smooth operation of the change gears, lead screws, half- 
nuts, etc., the thread-cutting tool must be withdrawn quickly 
at the end of each cut, before the lathe spindle is reversed to 
return the tool to the starting point. If this is not done, the 
point of the tool will dig into the thread and may be broken 
off. 

To reset the tool accurately for each successive cut and 
to regulate the depth of the chip, the adjustable thread-cut- 
ting stop (fig. 14-18) is useful. 

First set the point of the tool so that it just touches the 
work, then lock the thread-cutting stop and turn the thread- 
cutting stop adjusting screw until the shoulder is tight 
against the thread-cutting stop. When ready to take the 
first chip, run the tool rest back by turning the cross-feed 
screw to the left several times, and move the tool to the j 
point where the thread is to start. Then turn the cross- feed 
screw to the right until the thread-cutting stop screw strikes 
the thread-cutting stop. The tool rest is now in the original 
position, and turning the compound rest feed screw in will 
place the tool in a position to take the first cut. 



456 



For each successive cut after the carriage is returned to its 
starting point, the tool can be reset accurately to its previous 
position by turning the cross- feed screw to the right until the 
shoulder of the adjusting screw strikes the thread-cutting 
stop. Then the depth of the next cut can be regulated by 
adjustment of the compound rest feed screw as for the first 
chip. 




Rgwr* 14—1 1. — The thnod wilt i ng stop attached to the dovetail of Hi* carriage 



For cutting an internal thread, the adjustable thread-cut- 
ting stop should be set with the head of the adjusting screw 
on the inside of the stop, because in this case the tool is with- 
drawn by moving it toward the center or axis of the lathe. 

The micrometer collar on the cross-feed screw may be used 
in place of the thread-cutting stop, if desired. To do this, 
first bring the point of the threading tool up so that it just 
touches the work ; then adjust the micrometer collar on the 
cross-feed screw to zero. All adjusting for obtaining the 
desired depth of cut should be done with the compound rest 
screw. Withdraw the tool at the end of each cut by turning 
the cross-feed screw to the left one complete turn, return 
the tool to the starting point, and turn the cross- feed screw 
to the right one turn, stopping at zero. The compound rest 
feed screw may then be adjusted for any desired depth of 
chip. 
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Returning the Carriage to the Starting Point 

The two practical methods of returning the carriage to 
the starting point after taking a threading cut are : 

L By reversing the direction of spindle rotation, causing 
the carriage to run back automatically. 

2. By opening the split nut and running the carriage 
back by hand, using the thread dial to engage the split nut. 

When cutting short threads, it is better to leave the half- 
nuts engaged with the lead screw ; when the end of the cut 
is reached, withdraw the tool and reverse the lathe spindle 
to return the tool to the starting point. 

A thread dial indicator or threading clock is generally 
used for cutting long screw threads. This device permits 
disengaging the half-nuts at the end of the cut, returning 
the carriage to the starting point by hand, and then engaging 
the half -nuts at the correct time so that the tool will follow 
in the groove of the original cut. This procedure saves time 
and also eliminates the necessity of reversing the lathe 
spindle. 

Cutting the Thread 

After setting up the lathe, as explained previously, take a 
very light trial cut just deep enough to scribe a line on the 
surface of the work. The purpose of this trial cut is to make 
sure that the lathe is arranged for cutting the desired pitch 
of thread. 

To check the number of threads per inch, place a scale 
against the work (see A of fig. 14-19), so that the end of 
the scale rests on the point of the thread or on one of the 




Figure 14—19. — Checking screw thread pitch. 
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scribed lines. Determine the number of spaces between 
crests on that part of the threaded piece lying between the 
end of the scale and the first inch mark; this will be the 
number of threads per inch. 

It is quite difficult to accurately count fine pitches of 
screw threads, as described above. A screw-thread gage, 
used as indicated in B of figure 14-19, is very convenient for 
checking the finer screw threads. This gage consists of a 
number of sheet-metal plates in which are cut the exact form 
of threads of the various pitches, and each plate is stamped 
with a number indicating the number of threads per inch 
for which it is to be used. 

The final check for both the diameter and pitch of the 
thread may be made with the nut that is to be used or with a 
ring thread gage, if one is available. The nut should fit 
snugly without play or shake but should not bind on the 
thread at any point 

Use of a Lubricant for Curling Threads 

In order to produce a smooth thread when cutting screw 
threads in steel, lard oil should be used. If the oil is not 
used, the cutting tool will tear the steel and the finish will be 
very rough. 

If lard oil is not available, any good cutting oil or machine 
oil may be used. If trouble is experienced in producing a 
smooth thread, a little powdered sulfur may be added to the 
oil. Before a cut is made, oil should be applied generously. 
A small paint brush is ideal for applying the oil when cutting 
external screw threads. Since lard oil is quite expensive, 
many mechanics place a small tray or cup just below the 
cutting tool on the cross slide of the lathe, to catch the sur- 
plus oil which drips off the work. 

Resetting the Tool After the Thread Has Been Started 

If the thread-cutting tool should need resharpening, or if 
for any other reason it is necessary to remove the thread- 
cutting tool before the thread has been completed, the tool 
must be carefully readjusted so that it will follow the original 
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groove when it is replaced in the lathe. There are several 
methods by which this can be accomplished. 

Before adjusting the tool, set the point of the tool square 
with the work, and take up all the lost motion in the change 
gears, half-nuts, etc., by turning the spindle forward by hand. 
In rotating the spindle to reset the thread tool, always turn 
it forward. If you turn it backward, there will be a backlash 
and the setting will not show the true position of the tool. 

One method of resetting the tool in the thread groove is to 
set the compound rest at an angle, and adjust the cross-feed 
screw and compound rest feed screw simultaneously so that 
the point of the tool can be made to enter exactly into the 
original groove. 

If it is not convenient to use the compound rest for read- 
justing the threading tool, the lathe dog may be loosened, 
the work turned so that the threading tool will match the 
groove, and the lathe dog then tightened. If possible, how- 
ever, avoid the necessity of doing this. 

Another method that is sometimes used is to disconnect the 
reverse gears or the change gears, turn the headstock spindle 
until the point of the threading tool enters the groove in the 
work, and then reconnect the gears. 

Finishing the End of a Threaded Piece 

The end of the thread may be finished by any one of 
several methods. The 45° chamfer on the end of the thread, 
as shown in A of figure 14-20, is commonly used for bolts, 
cap screws, etc. For machined parts and special screws the 
end is often finished by rounding w T ith a forming tool. (See 
fig. 14-20, B.) 




Figure 14-20. — Finishing the end of a threaded piece. 
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It is difficult to stop the threading tool abruptly, so some 
provision is usually made for clearance at the end of the 
cut. In figure 14-20, A indicates that a shallow hole has been 
drilled at the end of the thread, and B shows that a neck or 
groove has been cut around the shaft. The groove is prefer- 
able, as the lathe must be run very slowly in order to obtain 
satisfactory results with the drilled hole. 

SUMMARY 

This chapter covers all that the MM1 or C is required to 
know about lathe machining operations. 

The section on turning describes the surface machining of 
a piece of stock. 

The section on boring describes the process of machining 
an interior cylindrical or a drilled surface. 

The section on tapers provides formulas for computing the 
amount of taper and the angle of taper, and describes com- 
monly used methods of turning tapers. 

The section on screw threads gives detailed instructions on 
how to cut fine and coarse threads, and how to set the tool 
for internal and external thread cutting. 

QUIZ 

L When a grinding attachment is used to true a lathe center, the 
compound rest must be seated at an angle of how many degrees? 

2. How is the alignment of centers checked when the work to be 
machined is long and accuracy is required? 

3. After centers have been aligned and work mounted, what is the 
first machining operation if the work is to be accurate? 

4. In machining on centers, carriage travel should be, if possible, 
in what direction? 

5. What is the advantage of machining rough cuts to a shoulder 
which has been located with a cut-off tool? 

6. When taking a roughing cut on steel, if you desire to reduce 
the diameter of a piece by % of an inch, what fraction of the 
metal must be removed from the surface? 

7. When should a finishing cut be taken? 

8. What is regarded as the most difficult operation in machine work? 

9. How is machining to a shoulder generally performed? 

10. When machining a hole by the boring process, what must be done 
to the work before the boring tool is used? 
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11. In single point boring, is the boring tool fed to the work, or is 
the work fed to the tool? 

12. What term is used to define the gradual lessening or increasing 
of the diameter or thickness of a piece of work toward one end? 

13. What is the taper per foot of a piece of work two feet long, if 
the diameter of the small end is 2 inches and the diameter of the 
large end is 3 inches? 

14. In a round piece of work, what is the relationship between the 
included angle of the taper and the angle that the surface makes 
with the axis or centerline? 

15. What standard taper is used for the spindle holes of a lathe? 
lft. Of the three common methods used for turning tapers, in which 

does the cutting tool move parallel to the axis of the lathe? 

17. If a shaft 12 inches long is to be turned with a 2-inch diameter 
at the large end and a full length taper of 1 inch per foot, how 
much should the tail stock be set over? 

18. When the taper attachment is being used, does the cutting tool 
move along a line parallel, to or at an angle to the axis of the 
lathe? 

19. When the taper attachment is used, is the final adjustment of the 
cutting tool made with the compound rest feed screw or with 
the cross-feed screw? 

20. What type of thread is generally used by all machine shops? 

21. When cutting threads on work mounted between centers, what 
two precautions must be taken if the work is removed from the 
lathe before the thread is finished? 

22. What precautions should be taken when threading work in the 
lathe chuck? 

23. For cutting American National screw threads, to what number of 
degrees must the included angle of the cutting tool be ground? 

24. In cutting an external screw thread, how is the depth of each 
successive cut regulated? 

25. When an internal thread is to be cut, why is the adjustable 
thread-cutting stop set witlNthe head of the adjusting screw on 
the inside of the stop? 

2ti. Why should the first cut of a screw thread be light enough to 
only scribe a line? 

27. If a gage is not available, what may be used to make the final 
check for both the diameter and pitch of a screw thread? 

28. In order to produce a smooth thread, what lubricant should be 
used when cutting screw threads in steel ? 

21). What is sometimes added to a cutting tool for the purpose of 

improving the finish of the screw thread? 
30. What may be done to provide clearance for the cutting tool at 

the end of a screw thread? 
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CHAPTER 




INSPECTION, MAINTENANCE, AND REPAIR 
OF AUXILIARY EQUIPMENT 

Aboard ship there are a number of auxiliary machinery 
units (some of them located outside the engineering spaces) 
with which the Machinist's Mate must be familiar. This 
chapter provides general information on the care and main- 
tenance of steering and hoisting mechanisms, hydraulic sys- 
tems, compressed air systems, and auxiliary boilers. 

STEERING GEAR 

Aboard modern naval vessels, practically all steering 
mechanisms are hydraulically driven. Since you may be 
responsible for maintenance or repairs on steering gears, 
particularly on variable-stroke hydraulic rotary pumps and 
other component parts of the hydraulic system, you should 
familiarize yourself with this type of equipment. Your best 
source of information will be the manufacturers' instruction 
books. 

Remote Control 

The remote control of steering gears on most modern ships 
is accomplished electrically, by means of alternating-current 
synchronous transmission. However, you may encounter 
some systems in which remote control is accomplished hy- 
draulically by means of a telemotor system, or mechanically 
by means of shafting or wire rope from the steering station. 
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The hydraulic telemotor type of remote control is in- 
stalled aboard many auxiliary ships of the Navy. On this 
type of control, maintenance usually consists of nothing more 
than the prevention of leaks in the hydraulic system and the 
proper care of the fluid. 

Frequent inspections of the valves and joints will greatly 
help in eliminating and preventing leaks in the system. If 
the piston of an internally packed telemotor is leaking, check 
the condition of the leathers and make certain the springs, if 
installed, keep the leather in contact with the inside wall of 
the telemotor cylinders. Leaks in an externally packed tele- 
motor can usually be stopped by tightening the glands just 
enough to cause the packing to be compressed about the rams. 

Hydraulic fluid characteristics are very important if the 
telemotor system is exposed to low temperatures. When 
such conditions exist, the system should be filled with a high 
grade mineral oil having a cold pour of —24° to — 40° F. 
When low temperatures are not involved, or if special oil with 
the designated cold pour cannot be obtained readily, the 
Navy Symbol 2075H oil can be used satisfactorily. A good 
hydraulic fluid must have a low rate of expansion and be 
adequately viscous at 150° F. 

Every possible precaution should be taken to prevent con- 
tamination of the oil by condensate or other water. When 
the system is being filled with hydraulic fluid, the oil should 
be strained into the charging tank through four to six layers 
of cheesecloth. In this way, small amounts of water and 
other foreign matter are prevented from entering the system. 
Such precautionary measures will aid in keeping a hydraulic 
telemotor type of remote control in satisfactory operating 
condition. 

The wire-rope type of remote control is installed on some 
older destroyers and on some recently built small ships. The 
wire ropes of this control, connecting the steering engine con- 
trol mechanism to the steering wheel, are the principal parts 
which require maintenance. 

Wire ropes should be removed and carefully inspected at 
least every six months. If the ropes are in satisfactory con- 
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dition, they should be thoroughly covered with Albany grease 
and graphite before being replaced. If there is any indica- 
tion of stranding, the affected part must be repaired or a new 
rope reeved. If a new rope is to be reeved, care must be taken 
that the stretch is taken up, otherwise the rope may foul or 
leave the drums and sheaves. When the ropes are inspected, 
all keys in the transmission shafting must be carefully ex- 
amined to see that they are tight and properly seated. 

Chains or Rods. Rudder movement on some auxiliary 
ships is accomplished by steering chains or rods, with spring 
buffers usually provided to absorb shock. The buffer springs, 
chains, and rods should be inspected at least every six months, 
and must be kept well lubricated at all times. 

Hydraulic Rams 

Since portions of the rams in an electrohydraulic steering 
gear are exposed where they fit into the cylinders, it is neces- 
sary to take precautions against possible damage to such 
surfaces. The exposed surfaces of rams should not be used 
as walkways. In addition, they should be protected from 
water and from rolling or falling objects, and should be 
kept covered with a coat of prescribed rust-preventive com- 
pound or with the appropriate Navy Symbol oil. Frequent 
inspections should be made during operation, in order to 
detect any evidence of damage. A guard placed over the 
exposed parts will offer protection against rolling objects, and 
the compartment should be kept free of loose gear that might 
slide into the rams. 

Regardless of the precautions taken, rust may accumulate 
on hydraulic rams. Such accumulations should be removed 
from the rams with a wire brush. However, .during the 
cleaning process, clean cloths must be used to cover any ex- 
posed surface of the part which slides in and out of the 
cylinder. Otherwise, pieces of wire and dirt may stick to the 
rams and be drawn into the cylinders. 

Packing followers should be kept only tight enough to 
maintain sufficient pressure on the rings to prevent leakage. 
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Overtightening should be avoided, since excessive pressure 
usually results in rapid wear and improper functioning of 
the packing. 

The oil in the high-pressure hydraulic system of a steer- 
ing gear should be filtered about every six months. Poor 
filtering results in the accumulation of foreign matter in- 
jurious to the rams and to the variable stroke pumps. 
Makeup oil should be filtered before it is added to the system. 
When the system is drained into the base tank, accumulated 
foreign matter can be filtered out by pumping the oil through 
the filters to the expansion tanks. The oil is then drained 
back into the storage tanks and the system refilled with the 
filtered oil. 

ANCHOR WINDLASSES 

The types of windlasses which a Machinist's Mate will 
probably have to maintain are the electrohydraulic and the 
hand-driven. In maintaining a hand windlass, the major 
factor is to keep the linkage, friction shoes, locking head, and 
brake in proper adjustment and in satisfactory operating 
condition at all times. In maintaining an electrohydraulic 
windlass, your principal concern will be the hydraulic sys- 
tem. Since hydraulic systems are basically the same, the 
information given under "Hydraulic Systems," later in this 
chapter, is applicable to steering gear, windlass, winch, 
crane, and elevator. 

Even though used intermittently and only for relatively 
short periods of time, a windlass must be capable of handling 
the required load under extremely severe conditions. To 
prevent deterioration and to provide dependable operation 
whenever required, maintainenance and adjustment must be 
continued during the periods when the machinery is not in 
use. . 

Windlass brakes must be maintained in satisfactory con- 
dition if they are to perform their function properly. Be- 
cause of wear and compression of brake linings, the clearance 
between the brake drum and band will increase after a wind- 
lass has been in operation. Means of adjustment are pro- 
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Tided on all windlass brakes. Since maladjustment of a 
windlass brake could result in the loss of the anchor and 
chain, it is advisable that you become familiar with mainte- 
nance procedures as recommended by the manufacturer. 

Lubrication instructions furnished by the manufacturer 
should be carefully followed. If a windlass has been idle 
for some time, lubrication of the equipment should be accom- 
plished before operation is attempted. After a windlass has 
been used, the equipment should be lubricated to protect 
finished surfaces from corrosion. 

The hydraulic transmissions of electrohy draulic windlasses 
and other auxiliaries are manufactured with close tolerances 
between moving and stationary parts. If these tolerances 
are to be maintained and unnecessary wear prevented, every 
precaution possible must be taken to prevent the entry of 
dirt and other abrasive material. When the system is re- 
plenished or refilled, only clean oil should be used and the 
oil should be strained as it is poured into the tank. If a hy- 
draulic transmission has been disassembled, all parts should 
be thoroughly cleaned before reassembly. Before piping or 
valves are installed, their interiors should be cleaned to re- 
move any scale, sand, or other foreign matter. 

WINCHES AND CRANES 

In several respects, the maintenance of a winch is similar 
to that of a windlass. Where band brakes are used on the 
drums, the friction linings should be inspected regularly and 
replaced when necessary. Steps should be taken to prevent 
oil or grease from accumulating on the brake drums. The 
operation of brake-actuating mechanisms, latches, and pawls 
should be checked periodically. 

Winch drums driven by friction clutches should be in- 
spected frequently to determine if deterioration has occurred 
in the friction material, or if oil and grease are preventing 
proper operation. The sliding parts of positive clutches 
must be properly lubricated, and the locking device on the 
shifting gear should be checked to determine if it will hold 
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under load- The oil of gear reduction units should be 
checked for proper amount , temperature, and purity. 
Periodic inspections should be made of the pressure lubrica- 
tion fittings normally installed on slow-moving parte. On 
installations which use hydraulic transmission, the pumps 
and lines are maintained in the same way as those of any 
other hydraulic system. 

As with many other auxiliary units, the cranes you main- 
tain may be driven by hydraulic transmissions, by electric 
motors, by Diesel engines, or by hand. Maintenance should 
be accomplished in accordance with manufacturers' instruc- 
tions. In general, the maintenance of electrohydraulic 
cranes requires that the oil in the replenishing tanks be kept 
at the prescribed levels, and that the system be kept clean 
and free of air. The limit stop and other mechanical safety 
devices must be checked regularly for proper operation. 
When cranes are not in use, they should be secured in their 
stowed positions and all electric power to the crane con- 
trollers disconnected at the power distribution panel. 

ELEVATORS 

Carriers are provided with two or more electrohydraulic 
elevators, capable of handling airplanes between the flight 
and hangar decks at relatively high speed. As an MMl or 
C, you may not be called upon too frequently to maintain this 
type of machinery. However, if you are required to main- 
tain electrohydraulic elevators, you will find maintenance 
procedures relatively the same as for other auxiliaries which 
use fluid to transmit power. 

Elevator cables and fittings should be inspected frequently, 
and the tension of the cables in each group kept equal. Fre- 
quent inspections must be made to ensure that (1) there is 
proper oil level in the pressure and exhaust tanks, (2) there 
is no excessive leakage in the sump leak-off connections, (3) 
the pistons seal properly in the hydraulic cylinders, and (4) 
the entire system is clean. If an elevator is not to be used 
immediately, it should be locked in its normal position at the 
flight deck. 

468 



HYDRAULIC SYSTEMS 



The over-all efficiency of hydraulic installations used to 
control or drive auxiliary machinery is basically dependent 
upon size of installation, oil pressure speed, and stroke. 
However, the care given the hydraulic speed gears and the 
components of the system is also an important factor. Major 
repair of hydraulic gear, except for piping and fittings, is 
generally performed at a naval shipyard or by the manu- 
facturer. 

Hydraulic transmissions are sturdy, proven machines, in- 
spected and tested with such care that casualties seldom 
occur except as a result of faulty assembly, installation, or 
maintenance. If a properly installed hydraulic system is 
operated regularly and maintained with proper care, it will 
retain its design characteristics of power, speed, and control, 
and the need for costly repair and replacement will seldom 
occur. 

Maintenance 

Regular operation, proper lubrication, proper maintenace 
of all the units, and cleanliness of the fluid are principal re- 
quirements for keeping a hydraulic transmission in satis- 
factory operating condition. Regular operation of hy- 
draulic equipment prevents corrosion, sludge accumulation, 
and freezing of adjacent parts. The need for proper lubri- 
cation and cleanliness cannot be too strongly emphasized. 

Detailed instructions concerning the maintenance of a 
specific unit may be obtained from the appropriate instruc- 
tion book; however, the general information which follows 
will also be helpful. 

Piping and Fittings. If properly installed, hydraulic 
piping and valves are seldom a source of trouble, except for 
leakage. Some leaks may become serious enough to cause a 
reduction in the efficiency of the unit(s). Therefore, fre- 
quent inspections for leakage should be made and necessary 
steps taken to eliminate it. 

If leaks occur at a flanged joint in the line of a hydraulic 
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system, tighten the flange bolts evenly, but not excessively. 
If the leaks persist, use the auxiliary gear while the gasket 
of the leaking flange is being replaced. Make certain that 
the flange surfaces are cleaned carefully before the gasket is 
applied. 

If certain measures are taken, operation of hydraulic 
equipment may be continued while leakage repairs are being 
made in some parts of the system. When lines in an auxiliary 
system leak, they should be valved off from the main line 
connection to prevent leakage between the two systems. If 
leaks occur in the pumping connections to the 3-way valves 
of a steering gear installation, the pump can be cut out with 
the valve, and another pump cut in. If the 3-way valves 
fail to cut out the leaking unit, and it becomes necessary to 
cut out both pumps of a steering gear installation, the valves 
may be closed at the ram cylinder. Since hydraulic systems 
will work without pressure control, leaking pipes or cylin- 
ders of the pressure control can be cut out of the system 
for repairs, by closing the valves in the lines where they join 
the main piping. Expansion and replenishing lines in 
hydraulic systems of older ships are not under appreciable 
pressure, and therefore are seldom a source of leakage or 
breakage; however, all connections must be maintained in- 
tact. In the case of recent installations, replenishing lines 
are under pressure of as much as 300 psi, and the hydraulic 
system should not be operated during repair of these lines. 

Relief valves or shuttle valves of a hydraulic system may 
be sources of trouble. The seats of leaking relief valves 
should be reground. Loss of power indicates a leaking relief 
valve. Shuttle valves may stick and fail to cut off. Existence 
of this condition is indicated when oil escapes from the high- 
pressure side of the line into the expansion tank, or when the 
pressure control fails. When a shuttle valve fails to operate, 
the stop valves should be closed and the defective valve re- 
moved for repairs. 

Fluid System. When inspection of an oil sample drawn 
from a hydraulic system reveals the presence of water, sludge, 
or acidity, the system must be drained, cleaned with the pre- 



scribed flushing oil, and filled with clean oil. The system may 
be drained and cleaned as follows : 

1. Remove the filters and wash them in the flushing oil. 
Then use low-pressure air for drying purposes. 

2. Drain the system, as completely as possible, of old oil. 

3. Close all connections and fill the system with flushing 
oil. 

4. Start and operate the unit under idling condition, in 
order to fill the system thoroughly with the flushing oil. 

5. Secure the unit and allow it to stand idle for approxi- 
mately one hour. This idle period permits the flushing oil 
to dissolve any sludge. 

6. Start and operate the unit under light load for 3 to 5 
minutes, unless otherwise specified. Then allow the equip- 
ment to remain idle for about 15 minutes, and repeat the en- 
tire process. Do this two or three times. 

Never operate a hydraulic unit under full load when it is 
filled with flushing oil, and keep the operating pressure as 
low as possible. 

After each short operating period, turn the cleaning 
handles of edge type filters (if installed) and drain from the 
filter an amount of oil equal to its volume. 

7. If time permits, allow the system to stand idle for an 
additional hour following the series of short operating 
periods. 

8. Drain the system of flushing oil, close the system, and 
fill it with the proper hydraulic oil. 

As the system is being filled, the oil should be strained 
through a fine wire screen of 200 mesh. If the oil is not 
clean, it should be run through a centrifuge. Adequate pro- 
tection should be provided against dust and moisture. Mois- 
ture should be expelled from oil before it is poured into a 
system ; this can be done by heating the oil to 250° F. 

When a hydraulic system is being filled, sufficient fluid 
should be used to completely fill the active parts of the mech- 
anism, leaving no air pockets. During the filling procedure, 
air valves should be opened so that air can escape to the oil 
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expansion box. After the system has been filled, the valves 
should be closed tight 

Pumps and Motors. An electric motor is provided to ro- 
tate the hydraulic A or pump-end variable speed gear (ro- 
tary, positive displacement, variable stroke pump). Oil 
under pressure is delivered from the A end to the hydraulic 
motor or B end variable speed gear through piping. The 
B end rotates the individual unit or equipment through 
suitable reduction gearing. Whether the A-ends and B-ends 
of hydraulic transmissions are of the axial- or radial-piston 
type, maintenance procedures and operating principles are 
relatively the same. In general, maintenance information 
on other type pumps also applies to hydraulic pumps and 
motors. 

On some modern hydraulic speed gears, the shaft stuff- 
ing box packing is of the square-braided pure asbestos type, j 
This type packing is easily removed. Care must be taken to 
ensure that it is not replaced too tightly ; if properly installed, 
this packing makes a tight joint with light pressure. If 
packing wears out quickly, the shaft should be inspected for 
roughness. If a machine shop is available, roughness may 
be eliminated from a shaft by a finishing cut to smooth the 
surface ; otherwise, it may be necessary to replace the shaft. 

Packing should be renewed at prescribed intervals, to pre- 
vent the packing from becoming hard and scoring the shaft. 
When packing is being replaced, make certain that there is 
a uniform thickness around the shaft. An excess of pack- 
ing on one side of the shaft will cause shaft deflection and 
may even result in breakage. Stuffing boxes should be packed 
loosely and the packing gland set up lightly, allowing ade- 
quate leakage for cooling and lubrication. 

There is less likelihood of poor alignment between the 
driving and driven members of a hydraulic transmission if 
the wedges, shims, jacking screws, or adjusting setscrews are 
properly set and secured when connected units are installed. 
However, because of a casualty, misalignment may occur 
that will cause severe stress and strain on the coupling and 
connected parts. Excessive misalignment should be elimi- 
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nated as soon as possible by replacing any defective parts and 
readjusting the installed aligning devices. If this is not 
done, pins, bushings, and bearings will have to be replaced 
frequently. 

Since there is no end play to either the A -end or the B-end 
shaft, flexible couplings are generally used in hydraulic 
transmissions. Such couplings permit satisfactory opera- 
tion with a slight misalignment, without requiring frequent 
renewal of parts. 

Trouble Shooting 

In attempting to locate the source of any trouble in an elec- 
trohydraulic system, remember that all troubles which occur 
will be in one of three categories — hydraulic, electric, or me- 
chanical. Isolating a trouble into one of these categories is 
one of the primary steps in locating the source of trouble. 

Hydraulic Casualties. These casualties are generally 
the result of low oil levels, external or internal leakage, 
clogged lines or fittings, or improper adjustment of valves 
and other working parts. Do not disassemble a unit unless 
certain that the trouble exists within that unit. Unneces- 
sary disassembly can lead to additional trouble, because of 
the dirt which may enter an open system. 

Leaks are a frequent cause of trouble in hydraulic equip- 
ment. Leaks are generally caused by excessively worn parts, 
by abnormal and continuous vibration, by excessively high 
operating pressures, or by faulty or careless assembly. Ex- 
ternal leaks usually have little effect on the operation of 
equipment other than a steady draining of the oil supply; 
but even a small leak wastes oil, and the resulting unsightly 
appearance of a machine is indicative of poor maintenance 
procedures. 

External leaks may result from any of the following 
causes: improperly tightened threaded fittings; crossed 
threads in fittings; improperly fitted or damaged gaskets; 
distorted or scored sealing rings, oil seals, or packing rings ; 
scored surfaces of working parts; improperly flared tube 
ends ; or flanged joints not seating squarely. 

Internal leaks, however, generally result in unsatisfactory 
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operation of the equipment. Large internal leaks are indi- 
cated by loss of pressure and failure of equipment. While 
large internal leaks can usually be located by installing a 
pressure gage in various parts of the equipment, the location 
of small leaks generally requires disassembly and visual in- 
spection of the parts. Internal leaks may result from worn 
or scored valves, pistons, valve plates, or bushings; or from 
improperly fitted or damaged gaskets. 

The symptoms of trouble in a hydraulic system are fre- 
quently in the form of unusual noises. Some noises are 
characteristic of normal operation and can be disregarded, 
while others are evidence of serious trouble. Even though 
the exact sound indicating trouble can be learned only 
through practical experience, the following descriptive terms 
will give a general idea of the noises which are trouble 
warnings. 

The occurrence of popping and sputtering noises is an in- 
dication that air is entering the pump intake line. Air 
entering the system at this point may be the result of too 
small an intake pipe, an air leak in the suction line, a low 
oil level in the supply tank, cold or heavy oil, or possibly the 
use of improper oil. 

If air becomes trapped in a hydraulic system, hammering 
will occur in the equipment or in the transmission lines. If 
hammering occurs, check for improper venting. In some 
cases, a pounding or rattling noise occurs as a result of a 
partial vacuum produced in the active fluid during high- 
speed operation or when a heavy load is applied. This noise 
may be unavoidable under the conditions stated and can be 
overlooked if it stops when speed or load is reduced. If the 
noise continues at low speeds or light loads, the system should 
be vented of air. Air in a hydraulic system can also cause 
uneven motion of the B-end. 

The cause of a grinding noise is most likely to be dry bear- 
ings, foreign matter in the oil, worn or scored parts, or over- 
tightness of some adjustment. 

The term hydraulic chatter is sometimes used to identify 
noises caused by a vibrating spring-actuated valve, by long 
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pipes improperly secured, by air in the lines, or by binding 
of some part of the equipment. 

If the packing is too tight around some moving part, 
squeals or squeaks may occur. This type of noise might 
also indicate that a high-frequency vibration is occurring 
in a relief valve. 

Electrical Casualties. Although the EM is responsible 
for checking electrical equipment troubles, the MM can facil- 
itate maintenance of electrical equipment by making a few 
simple tests when electrical troubles occur. Such an over- 
sight at not having a switch in the on position may be the 
reason for equipment failing to operate. If the circuit is 
closed and the equipment still fails to operate, check for 
blown fuses and tripped circuit breakers. These troubles 
generally result from an overload on the equipment. If a 
circuit breaker continues to cut out, the trouble may be dam- 
aged equipment, excessive binding in the electric motor, 
obstruction in the hydraulic transmission lines, or faulty op- 
eration of the circuit breaker. Another source of electrical 
troubles may be in the circuit; check for open or shorted 
leads, faulty switches, and loose connections. 

Mechanical Casualties. When an electrohydraulically 
driven auxiliary becomes inoperative because of a mechanical 
failure, a check should be made for improper adjustment or 
misalignment of parts, shearing of pins or keys, or breakage 
of gearing, shafting, or linkage. Elimination of troubles 
resulting from any of these causes should be accomplished in 
accordance with the manufacturer's instructions for the spe- 
cific equipment. 

COMPRESSED AIR SYSTEMS 

As an MM3 or 2, you used compressed air for blowing out 
and cleaning various units, and for operating numerous pneu- 
matic tools. In working with any of the three types of com- 
pressed air systems (low-, medium-, and high-pressure), you 
probably found that the primary source of any trouble was 
the compressor. Although the design and capacity of com- 
pressors vary, the maintenance procedures are essentially the 



475 



same. However, remember that the care and maintenance of 
high-pressure compressors require additional safety precau- 
tions, and the procedures recommended by the manufacturer 
should be followed. 

Some portions of the discussion which follows may serve 
as a review. Other portions of the discussion should be bene- 
ficial in your study for advancement, and helpful when you 
are called upon to train men. 

While modern auxiliary machinery is rugged and depend- 
able, it is not designed to withstand abusive treatment. Gas- 
keted joints, pipe joints, and bolts are designed to safely 
withstand the strain required for a tight connection when the 
specified torque is applied with the correct tool. The appli- 
cation of a force in excess of that prescribed usually results 
in breakage. If a joint or bolt cannot be tightened without 
using an oversized wrench or wrench handle extension, there 
will probably be something wrong with the assembly. 

For example, in assembling newly designed high-pressure 
air compressors, extensive use is made of soft copper gaskets 
for sealing joints subject to pressures up to 3,000 psi. These 
gaskets make a tight and dependable seal if the joint is 
tightened down properly. However, as the tightening pres- 
sure is applied to the joint, the copper gasket is compressed 
and becomes work-hardened. Therefore, if the joint is 
broken and the gasket reused, a greater tightening force is 
required to make a tight seal. If wrench extensions are used, 
it is possible to distort the gasketed surface or twist off the 
boss without achieving a tight joint. Even though a correct 
wrench is used, acquiring additional force by pounding with 
a hammer usually results in damage to the equipment. 

Care and Maintenance of Air Compressors 

The over- all problem in maintaining compressed air sys- 
tems is to take the necessary steps to prevent a reduction in 
compressor capacity. Some of the common troubles which 
reduce compressor capacity, and the causes of these troubles, 
are as follows : 
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Troubles 


Causes 




Overheating of air cyl- 




Operating the compressor at speeds in excess 


inders. 


of recommended number of piston strokes/ 




minute, or against excessive pressure. 




Such operation destroys lubrication, with 




resulting scoring of cylinders, abnormal 




noises, burned deposits in discharge pas- 




sages, and over-all reduction in efficiency. 


a*i i 

Air leaks. _ 


Defective air valves resulting from wear and 




pounding of valves against seats, and 




dirty intake air. 




Defective air cylinder stuffing box. 


Groaning 


Poorly lubricated air cylinders. 




Dry and binding piston rod packing. 




T 1 • 1 • 1 • 

Leaking discharge valves. 




Loose air-piston rings. 


Pounding 


Loose air pistons. 




Loose reversing plate. 




Worn reversing mechanism. 




Loose holding-down bolts. 


Uneven piston strokes.. 


Dirty air valves. 




improper nit 01 air vaives. 




Leaking past air-piston rings. 




Clogged air passages. 




Binding or cutting of reversing rod. 



To keep a ship's air compressors operating efficiently at 
all times and to prevent as many troubles as possible, it is 
necessary to know how to care for air intakes and filters; 
how to maintain and replace air valves; how to take care of 
air cylinders, pistons, and wrist pins; how to adjust bear- 
ings, couplings, etc.; and how to properly maintain the 
lubrication, cooling, control, and air systems. 

Air Intakes and Intake Filters. Satisfactory opera- 
tion of any compressor requires a supply of clean, cool, dry 
air. To help keep the air supply clean, filters are fitted to 
compressor intakes. Unless these filters are inspected and 
cleaned regularly they will become clogged and cause a loss 
of capacity. 
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To clean filter elements remove them from the intake and 
wash them with a jet of hot water or steam, or immerse them 
in a strong solution of sal soda. The filter body should be 
drained and replaced. Filter elements of the oil-wetted type 
should be dipped in clean oil after cleaning. Before re- 
placing the element in the intake, let excess oil drain from it. 
The use of gasoline or kerosene is prohibited for cleaning air 
filters, because of explosive fumes which may collect in the 
compressor or air receiver. 

Air Valves. The inlet and discharge valves of compres- 
sors require special attention. When valves leak, compressor 
capacity is reduced and pressure is affected. Deviation from 
normal intercooler pressure may indicate a leaking or broken 
valve: rise in pressure indicates a defective inlet valve, de- 
crease in pressure indicates a defective discharge valve. An- 
other sign of valve trouble is an unusually hot valve cover. 

Dirt is generally the cause of leaking valves. When valves 
become dirty, the source of trouble can usually be traced to 
dirty intake air; use of an excessive amount, or of an im- 
proper grade, of cylinder oil; or excessively high air tem- 
perature, resulting from faulty cooling. Periodic inspection 
and cleaning of valves and valve passages minimizes the 
number of air valve troubles. 

When air valves are removed for inspection, mark each 
valve to ensure that it will be replaced in the same opening 
from which it was removed. Inspect valves carefully and 
do not disassemble them for cleaning unless their condition 
necessitates such action. Dirt or carbon can usually be re- 
moved from valve parts without disassembling the valve. If 
it becomes necessary to disassemble the valve, note the ar- 
rangement of the various parts so that the proper relationship 
will be kept when the valve is reassembled. To remove car- 
bon from valve parts, soak the individual part in a suitable 
solvent and then brush or scrape lightly. After drying and 
reassembling the valve parts, test the operation of the valve 
to see if it opens and closes freely. 

Before replacing air valves in a cylinder, inspect the 
gaskets and replace any which are damaged. Since it may 
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be difficult, in many cases, to distinguish between suction and 
discharge valves, extreme care must be taken when the valves 
arc being inserted in the cylinder. Make certain that suc- 
tion valves open toward, and discharge valves away from, 
the center of the cylinder ; otherwise serious damage or loss 
of capacity will result. If special lock nuts are not provided 
to seal against leakage at the threads of the valve setscrew, 
a turn of solder or fuse wire should be placed around the 
screw and set down into a recess by the locking nut. 

Cylinders, Pistons, and Other Component Parts. You 
should be familiar with the safety precautions to be followed 
in maintaining an air compressor, and with the procedures 
for cleaning cylinders, removing pistons, fitting new piston 
rings, replacing cylinders, checking piston end clearances, 
adjusting bearings, replacing wrist pins, packing stuffing 
boxes, and caring for couplings and V-belts. It is essential, 
therefore, to consult the maintenance procedures as recom- 
mended by the manufacturer. 

Control Devices. Because of the great variety of control, 
regulating, and unloading devices used with compressors, 
detailed instructions on their adjustment and maintenance 
must be obtained from manufacturer's instruction books. 

If a control valve fails to operate properly, disassembly 
and a thorough cleaning will usually be necessary. Some 
control valves are fitted with filters filled with sponge or 
woolen yarn, to prevent dust and grit from being carried into 
the valve chamber. These filters also remove the gummy 
deposit which comes from the oil used in the compressor 
cylinders. The filter element should be replaced with the 
specified material each time a valve is cleaned. Do not use 
cotton, because it will pack down and stop the air flow. 

Since relief valves are necessary to ensure safe operation 
of a compressed air system, they must be maintained in sat- 
isfactory operating conditions at all times. Relief valves 
should be set as specified by the manufacturer. They should 
be tested by hand each time the compressor is started, and 
the valve setting should be checked periodically by raising 
the pressure in the spaces to which the valves are attached. 



479 



Lubricating and Cooling Systems. In the case of air- 
cooled compressors, steps must be taken to keep the cooling 
fins clean. Oil and dust are effective insulators; if they are 
allowed to collect on the fins, they will prevent heat transfer. 

The lubricating system of a compressor should give little 
trouble if the following steps are taken : 

1. Keep the reservoir oil at the prescribed level in order 
to maintain proper oil temperature. 

2. Change the crankcase oil periodically, and at the same 
time flush the crankcase and clean the oil filter. 

3. Maintain proper lube oil pressure by keeping the oil 
pump in good w r orking condition and by adjusting the bypass 
relief valve. 

4. Keep the oil cooler free from leaks, to prevent oil 
contamination and em unification. 

5. Replenish as necessary the glycerine and water in the 
lubricator sight feeds. 

6. Keep the lubricator in proper adjustment for the 
specified quantity of oil feed. 

For the compressor cooling system, general requirements 
for care and maintenance are as follows : 

1. Periodic inspections should be made of intercoolers 
and aftercoolers. 

2. Collections of gummy oils or tarry substances on the 
sides of cooler tubes should be removed by washing the tube 
nests with a cutting solution. Make certain that the tube 
nests are completely dry before reassembling them. 

3. Leaks in the tube nests must be repaired; otherwise, 
water will leak into the compressor while it is secured, and 
air will leak into the water side during operation. 

4. Cylinder water jackets should be inspected and cleaned 
periodically with a cleaning nozzle. 

5. When a drained compressor water-cooling system is 
being filled, the water inlet valve should be opened slightly 
to allow the water to rise slowly in the cooler shell and 
water jackets. In addition, the vent valves fitted to the 
water spaces should be opened, so that entrapped air can 
escape and air pockets will not form in the system. 
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Car* and Maintenance af Air System Equipment 

Surface Inspections and Maintenance. The air flasks, 
relay tanks, and separators of surface ships must be given a 
surface inspection every three months. These inspections are 
made to determine if there is any external corrosion or 
damage to flasks or piping. The results of such inspections 
should be entered in the Material History Record. 

Because the internal surfaces of air flasks are coated with 
zinc chromate primer, corrosion seldom occurs there. On 
the external surfaces of air flasks, however, corrosion may be 
sufficiently serious to weaken the material — especially in 
high-pressure flasks. Such corrosion usually occurs at 
points which cannot easily be reached for cleaning and 
painting. 

If no information is available in the instruction books, ex- 
perience must be relied upon to determine how often air 
flasks, accumulators, relay tanks, separators, and piping 
must be drained. In any event, drainage of air system equip- 
ment must be sufficiently frequent to prevent excessive ac- 
cumulations of moisture and oil. Such accumulations not 
only cause internal corrosion and fouling of moving parts, 
but also create a serious hazard in that excessive oil accumu- 
lation may cause an explosion. 

Inspection, Cleaning, and Testing by Repair Activities. 
In addition to shipboard inspection and maintenance of high- 
pressure air flasks and separators, there must be an inspection, 
cleaning, and testing performed at prescribed intervals by a 
repair activity. For surface vessels the initial interval 
should not exceed six years; subsequent intervals should be 
approximately three years. However, if there is reason to 
believe that serious corrosion is taking place in either the 
exteriors or interiors of air flasks, inspection should be made 
before the elapse of the normal interval. 

The periodic examinations should include not only a com- 
plete examination of the interior and exterior surfaces of 
flasks and separators, but a thorough cleaning also, and the 
performance of hydrostatic tests. Flasks which pass the 
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hydrostatic test are given the prescribed internal protective 
coating, and the exterior surfaces are painted if necessary. 
Detailed information on the inspections and maintenance per- 
formed by naval shipyards can be found in chapter 49 of 
BuShips Manual. 

Inspections and Tests 

Minimum requirements for the performance of inspections 
and tests on compressed air plants are as follows : 



Time 

When starting compressor 
for first time, or starting 
end which has been idle 
for some time. 

Before starting any com- 
pressor. 

After starting compressor. 

At frequent intervals during 
compressor operation. 



Action 

Inspect all intake and compressor con- 
trol lines for obstructions and foreign 
matter. Inspect interior and ex- 
terior of compressor. 

Jack over several times by hand. 

Test relief valves by hand. 

Test operation of automatic controls. 

Test for excess lube oil by opening com- 
pressor separator and receiver drains. 

Check instruments for signs of improper 
operation. 



Daily 

Weekly 

Monthly. _ 
Quarterly. 



Annually. 



Routine tests; record results on engineering log 

Jack over all compressors by hand. 
Run compressors by power. 
Inspect all air inlet and discharge valves. 
Measure starting and operating power 
of motor-driven compressors; if ex- 
cessive, overhaul. 
Make general inspection of all com- 
pressor parts; pull pistons and remove 
connecting rods only if cylinder con- 
ditions and other conditions indicate 
necessity. 

Test operation and setting of speed- 
limiting and emergency overspeed 
tripping devices, if installed. 
Test all parts of the air system under 
full pressure. 
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Time 


Action 


During Naval Shipyard 
Overhaul Period 

At Prescribed Intervals. 

At Discretion of Engi- 
neer Officer. 


Disassemble and inspect compressor. 
Test all relief valves by pressure. 
Inspect interiors of air receivers. 
Test hydrostatically, at l)i times the 
designed working pressure, all low- 

And mpHi nm-nr**Hfliirp Rir apt timu 1a- 

tors or receivers. 
Test capacity of compressors. 


It is the responsibility of the engineer officer to determine 



if the condition of the equipment, hours of service, or oper- 
ating conditions necessitate more frequent inspections and 
tests. Details for outline tests and inspections may be ob- 
tained from the appropriate manufacturer's instruction book 
or from chapter 49 of BuShips Manual. 

Safety Precautions 

Peak operating performance from a compressed air plant 
requires that steps be taken to prevent or minimize the oc- 
currence of casualties which may reduce plant capacity or 
result in serious damage. Explosions are a potential hazard, 
especially in high-pressure systems, and personnel should 
take every possible precaution to prevent them. To help 
prevent explosions and to maintain a compressed air plant 
in satisfactory operating condition, the following safety pre- 
cautions should be observed : 

1. Minimize the possibility of explosions in an air com- 
pressor, discharge line, or receiver by taking appro- 
priate steps to prevent or eliminate : 

a. Dust-laden intake air. 

b. ■ Presence of oil vapor in compressor or receiver. 

c. Leaking or dirty valves which result in abnormally 
high temperatures. 

2. See that the compressor intake receives only cool, clean, 
dry air. 
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3. Use only prescribed agents for cleaning compressor 
intake niters, cylinders, or air passages. Do not use 
benzine, kerosene, or other light oils that vaporize 
easily and that, under compression, form a highly ex- 
plosive mixture with air. 

4. Use only the minimum amount and the proper grade 
of oil for cylinder lubrication. 

5. Secure a compressor immediately if there is an ab- 
normal rise in the temperature of air discharged from 
any stage. 

6. Make sure that a relief valve is installed between a 
compressor and a stop valve or check valve, if either 
of the latter valves is installed between a compressor 
and receiver. Otherwise, if the compressor is started 
against a closed valve or a deranged check valve, the 
air cannot escape and an explosion will result. 

7. Never leave a compression station after starting a com- 
pressor — especially one that is new, or one that has 
been idle for some time — without making certain that 
control, unloading, and governing devices are func- 
tioning properly. 

8. Do not disconnect any part of a compressor if the sys- 
tem is under pressure. Serious accidents can be 
avoided if the following precautions are taken before 
servicing or removing any part of a compressor : 

a. Leave pressure gages open. 

b. See that the compressor is actually secured and 
cannot be started automatically or accidentally. 

c. See that the compressor is completely blown down. 

d. See that all valves, including the control or un- 
loading valves, between the compressor and re- 
ceiver are closed. 

9. Prevent damage from excessive temperatures by oper- 
ating a compressor at recommended speeds and main- 

• taining proper cooling- water circulation. 
10. Drain the circulating water system of a compressor 
if it is to remain idle for any length of time, or if it is 
to be exposed to freezing temperature. 



484 



STEAM WHISTLES AND SIRENS 

Since you may have to supervise the maintenance and re- 
pair of steam whistles and sirens installed on your ship, you 
should be familiar with the installation and maintenance 
of these units. 

Steam Whistle 

The diaphragm type of steam whistle is typical of the 
type used on modern ships. Before testing or operating the 
whistle, remove the diaphragm leaves by unscrewing the back 
cover, and turn on the steam at least 30 minutes, with all 
drains open and traps operating. With the diaphragm re- 
moved, operate the whistle valve several times in order to 
blow out the pipe lines thoroughly. Replace the proper 
number of leaves and tighten the back cover before testing. 
The leaves are marked so that they may be installed prop- 
erly ; all leaves must have the high side facing towards the 
nozzle. 

If water comes out through the horn or around the stem 
of the operating valve while the whistle is being tested, or 
if the note is not clear from the beginning of the first blast, 
immediately check all associated traps. If the traps are not 
functioning properly, they should be bypassed until put 
into working order. 

The diaphragm of a steam whistle must be inspected and 
cleaned every three months. Damaged leaves must be re- 
moved and replaced. After the leaves have been cleaned 
and positioned properly, the whistle must be retested. 

The operating valve should also be checked when the dia- 
phragm is examined. If the operating valve is leaking, it 
should be removed and ground in to obtain a good clean 
seat. The seat is generally locked in place with a setscrew 
and can be removed only with a proper wrench and after the 
setscrew has been loosened. 

Steam Siren 

The steam siren is a more effective sound-producing device 
than the steam whistle. It is operated by auxiliary steam, 
which enters through a control valve and fills an annular 
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chamber surrounding a stationary slotted cylinder. The 
best tone is obtained by a gradual opening and closing of 
the operating valve. 

In order to prevent damage to the siren by water hammer 
and erosion, the steam line supplying the siren must be kept 
constantly drained and must contain a water separator. 

Whistle and Siren Piping Systems 

On the installation of a whistle valve, the following factors 
should be considered : 

1. Steam supply must be taken either directly from a 
boiler or from a point on a steam line where there is a con- 
tinuous flow of steam at all times. 

2. There must be no horizontal piping between the whistle 
and the point where the steam supply line is connected. 

3. A drain must be installed at the lowest point of a long 
lead of piping below decks. 

4. The drain line from the whistle must be connected to 
a continuous flow trap connected to the atmosphere (never 
to the high-pressure drains). 

When installing a siren unit, the following factors should 
be considered : 

1. The siren should be installed as near a vertical position 
as possible. 

2. The air or steam lines should be thoroughly blown 
out and cleaned of sediment, scale, etc., before they are 
connected. 

AUXILIARY BOILERS 

On Diesel-driven ships, steam for distilling plants, space 
heating, oil heating, water heating, galley, and laundry is 
supplied by small boilers known as auxiliary boilers. These 
boilers are equipped with all auxiliaries, accessories, and 
controls to effect a unit assembly and are arranged to operate 
as complete and self-contained steam generating plants. Be- 
cause of this distinctive arrangement, these boilers are called 
by their manufacturers "steam generating units" and "steam 
generators." 
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Types of Boilers 



Auxiliary boilers aboard Navy ships may be divided into 
two groups : Water tube type boilers and fire tube boilers. 
Boilers of the water-tube type are further classified as nat- 
ural-circulation boilers and forced-circulation boilers. 

Water Tube Natural Circulation Boilers consist basi- 
cally of a steam drum and a water drum connected by a bank 
of tubes. The two drums are also connected by a row of 
water tubes which form a water-cooled side wall opposite 
the tube bank. The water wall tubes pass beneath the re- 
fractory furnace floor before they enter the water drum. The 
steam and water drums may also be connected by several 
larger tubes, called downcomers, located at the front and rear 
ends of the boiler. Refractory is used to protect these down- 
comers from contact with the combustion gases. 

The assembly of a typical water tube natural-circulation 
boiler is shown in figure 15-1. 

In operation, the water in the tubes receives heat from 
the furnace gases, and becomes less dense and flows toward 
the upper end of the tubes. Before reaching the steam drum 
some of the water forms steam bubbles, which rise to the top 
of the steam drum. The hot water and steam are displaced 
by more of the relatively cool water flowing through the 
downcomers to the water drum, and into the tubes. 

Water tube forced-circulation boilers differ from the 
natural-circulation chiefly in the fact that there is continuous 
circulation of water through coils which may be located 
above, or form a part of, the combustion space. The hot 
water from these coils is discharged into the chamber, where 
part of the water flashes into steam. The steam accumulates 
in the upper portion of the chamber and the unevaporated 
water collects in the lower portion. The water is recirculated 
back to the heating coil or water tank. (See chapter 51 of 
BuShips Manual.) 

Fire tube boilers are generally similar to Scotch marine 
or locomotive boilers. In this type of boiler the gases of 
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Figure 15—1. — Water tube, natural-circulation boiler. 
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Figure 15-2. — Fire tube auxiliary boiler. 



combustion pass through tubes that are surrounded by water. 
Figure 15-2 illustrates a typical unit. 

Boiler Water Requirements 

In order for an auxiliary boiler to function properly, 
steps must be taken to prevent scale formation on the water 
side of the boiler, to reduce corrosion of the boiler metal 
to a minimum, and to ensure the absence of foaming and 
priming under all operating conditions. Therefore, it is 
necessary to prepare and maintain the feed water in the 
purest possible condition, to chemically treat the boiler water 
in order to maintain its composition in a desirable range, and 
to periodically inspect and clean the water sides, 

JPrevention of Scale Formation. All water contains 
some salts in solution ; therefore, it is essential to treat boiler 
water and boiler feed water to counteract any undesirable 
results of such solution. Using chemicals or water-treating 
compounds indiscriminately, however, will not guarantee the 
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desired results. It is very important to possess an under- 
standing of the results to be obtained. 

The salts dissolved in boiler water include those derived 
from sea water by evaporator carry-over and drain cooler 
leakage, those leached and dissolved from the coatings and 
interiors of piping and tanks, those deliberately added in 
the boiler compound, and the various combinations which 
result from this mixture. Some of these salts are corrosive, 
some are scale forming, and some combat the undesirable 
properties of the first two classes. 

The solubility of salts in water varies with the tempera- 
ture of the water solution. Some salts are much more solu- 
ble in hot water than in cold water, while the solubility of 
other salts decreases with increasing temperature. The lat- 
ter salts form scale. These salts may be relatively soluble 
in the cooler parts of the boiler, but in the boiler tubes (be- 
cause of the higher temperature) the saturation point may 
be reached even when the actual concentration is low. 

The scale is deposited directly on the metal, since the 
hottest water is that which is in contact with the metal sur- 
face. When a bubble of steam is formed on the evaporative 
surface, the salts contained in the water from which the steam 
was formed are forced (since salts do not evaporate) into the 
envelope of water closely surrounding the bubble. Where the 
steam bubble, the water, and the tube surface make contact 
with each other, an irregular circular line is formed on the 
metal surface. The scale- forming salts will be deposited on 
this line of contact, because this will be the hottest part of 
the system. In this area not only will the solubility of the 
scale-forming salts be the lowest, but the amounts present 
will be a maximum. As the bubble leaves the metal surface, 
a ring of small scale crystals will be left to mark the location 
where the bubble formed. As evaporation proceeds, the many 
rings of scale crystals become interlaced and the individual 
crystals increase in size. 

Tube failures resulted from scale formation. Furnace tem- 
peratures are much higher than can be withstood by uncooled 
tubes. A layer of scale on the tube surface prevents normal 
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heat transfer through the tube wall to the boiler water, 
thereby increasing the temperature of the tube metal and 
causing wasting away on the fire side by oxidation. A very 
slight layer of scale is sufficient to raise the tube wall tem- 
perature enough to cause failure. 

Boiler scale prevention is a relatively simple matter; it 
involves adding to the water one or more highly soluble 
chemicals, such as sodium carbonate or sodium phosphate. 
Navy boiler compound includes scale-preventing chemicals. 

Boiler compound should be added, as necessary, to the 
boiler water to maintain zero hardness and alkalinity between 
2.5 and 3.5 epm at all times. Daily tests should be made 
and only enough compound added to maintain the above 
limits, as too high or too low alkalinity are both harmful. 

Limitations of Shore Water. If shore water must be 
used in boilers, it first has to be evaporated in the ship's dis- 
tilling plant. All shore waters contain varying amounts of 
contaminating salts, depending on the character of the rocks, 
sand, and earth over which they have flowed and on the 
extent and nature of municipal treatment to which they have 
been subjected. These impurities are different from those 
of boiler feed water, and cannot be controlled by the usual 
water-treatment methods. 

If, in an emergency, it becomes necessary to use shore 
water which has not been evaporated in the ship's distilling 
plant, the water should be tested and only a neutral water, 
low in hardness, should be accepted for temporary use. A 
neutral water is one which is colorless with phenolphthalein 
indicator and green with methyl-purple indicator. 

Inspection of Drain Return Lines. These lines should 
be inspected for leaks and properly maintained in order to 
reduce the amount of make-up feed needed. The salt-water 
piping in the drain cooler should be checked frequently for 
leaks; since a leak in this piping allows sea water to mix with 
the drains, and the result is contamination of the boiler water 
in a very short time. 
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Water Tastt 

Water samples to be analyzed should be free from sus- 
pended matter and protected from contamination during the 
interval between sampling and analysis. 

Fresh water is generally free from suspended matter, but 
should be collected in bottles which can be stoppered to avoid 
contamination by the air. Unless the sample bottle is not 
tightly stoppered, the alkaline sample will absorb carbon 
dioxide from the air, reconverting the hydroxide to car- 
bonate. In such a case, erroneously low results for alkalinity 
will be obtained with the phenolphthalein titration. 

When samples of water are to be taken for analysis, the 
sampling connection must first be thoroughly flushed out 
This will serve to remove any sediment which may be trapped 
in the connection, and it will ensure that the samples are 
truly representative of the water in the boiler. 

Alkalinity. The alkalinity content of water from steam- 
ing boilers may be determined by the following procedure: 

Obtain a filtered and cooled sample of the boiler water from 
the specially fitted salinity cocks on each boiler to be tested. 
(Take approximately one-half cup in a container numbered 
for easy identification.) 

Transfer 50 milliliters (ml) of the water to be tested into 
a clean, well-dried porcelain casserole, using a 50-ml pipette 
previously rinsed in test water. 

Add two or three drops of the phenolphthalein indicator. 
This will give the sample a deep pink color if the water is 
alkaline. 

Fill the automatic-zero burette with nitric acid solutior 
(0.05N) , and let it drain down to zero. 

Add the acid solution from the burette while stirring the 
sample continuously. As the color begins to fade, add the 
solution a drop at a time and continue until the pink color 
disappears. 

Read the burette in milliliters, which will equal the alka- 
linity of the sample in equivalents per million. For ex- 
ample : A burette reading of 2.6 ml represents an alkalinity of 
2.6 epm. 
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Hardness. The hardness of water evaporated from sea 
water and from boilers fed with such water is determined by 
the following procedure : 

Transfer 50 ml of water sample in an 8-ounce bottle with 
pipette. 

Fill the burette with soap solution and let it drain down 
to zero. The amount of soap solution required to produce 
lather in pure water (lather factor) has been determined 
and is marked on the bottle. 

Add to the sample an amount of soap equal to the lather 
factor; stopper the bottle and shake it vigorously. 

Lay the bottle on its side and start a stop watch. 

If the lather persists and completely covers the surface of 
the water for 5 minutes, report zero hardness. 

If the lather does not persist, add an additional amount 
of soap solution equal to the lather factor, stopper the bottle, 
shake vigorously, and time the lather. 

Repeat until a lather is obtained which completely covers 
the surface of the water for 5 minutes. 

Bead the burette and subtract the lather factor from this 
reading. (The lather factor of a soap solution is the amount 
of the solution required to form a lather on a sample of pure 
water. It should be determined for each new lot of reagent 
soap solution as soon as a full bottle has been made up.) 

The burette reading minus the lather factor and multipled 
by 0J2 equals the hardness of the sample in epm. For ex- 
ample : If the titration is 0.30 ml and the lather factor of the 
reagent soap solution used is 0.10 ml, the hardness of the 
sample is 0.04 epm: (0.30-0.10) X 0.2=0.04. 

Chloride. The procedure for the chloride test is as 
follows : 

1. Add 5 drops of chloride indicator (diphenylcarbazone- 
bromo- phenol blue) to 25 ml of boiler water in a white porce- 
lain casserole. The water will then turn blue-violet or red, 
depending on the degree of its alkalinity. 

2. Add 0.05 N nitric acid, one drop at a time, until the 
blue- violet or red color changes to a pale yellow ; then add 
1 ml excess of nitric acid. 
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3. Add reagent mercuric nitrate solution (0.025 N) from 
the burette, continuously stirring the solution, until the pale 
yellow of the sample disappears and a pale blue- violet color 
persists throughout. The rate at which mercuric nitrate is 
added should be reasonably constant during the early part 
of the titration, then reduced to separate drops as the end 
point (blue- violet color) is approached. 

4. Read the burette. The burette reading in milliliters 
equals the chloride content of the sample in epm. If the 
chloride concentration exceeds 20 epm, it will be more con- 
venient to use a correspondingly smaller sample of boiler 
water rather than to refill the burette repeatedly. In such 
a case, dilute the smaller sample to 25 ml, in the graduated 
cylinder, with distilled water and mix well. The chloride 
concentration of the original sample can then be calculated 
as follows : 

Burette reading (ml) X25 = ^ chloride 
Volume of solution diluted (ml) e * >m ° C 6 

For example, if a 5-ml sample is diluted to 25 ml, and the 
burette reading is 10 ml, then the chloride content is cal- 
culated as follows : 

10 mix 25 

5 ml =50epm 

The chloride test should be made daily on steaming boilers 
and the concentration should not be allowed to exceed 15 epm 
in water-tube auxiliary boilers and 50 epm in fire-tube auxili- 
ary boilers. When concentrations exceed this limit, the 
boiler should be blown down or secured, dumped, flushed, and 
refilled. 

Make-up feed water should not be used when the chloride 
content is greater than 0.5 epm. 

Oil Burners 

Oil burners used on auxiliary boilers are of the mechanical 
atomizing type. Most burners are equipped with pressure 
type atomizers; however, a few atomizers of the rotary cup 
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type are in use. Two of the types commonly used are the 
constant capacity and the variable capacity pressure atomiz- 
ing burners. 

Constant Capacity Pressure Atomizing Burners. 
Burners of this type are arranged for electric ignition and 
automatic control. Basically these burners consist of a 
burner cone or plenum chamber, connected to the fan casing: 
bracket for nozzle and electrodes; and oil atomizing nozzle. 
Variation of boiler load with this type of burner is accom- 
plished by means of the automatic "off and on" cycling of 
the burner. Burners intended to meet wide variation of 
boiler steaming loads are designed with dual or triple nozzle 
arrangements in order to eliminate excessive cycling. In 
such cases one nozzle is used as a pilot and additional nozzles 
are manually cut in as required. Standard commercial 
nozzles are used with burners of this type. 




Figure 15-3. — Constant capacity pressure atomizing bummr, as installed in boiler 

front. 
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A typical arrangement of a burner and construction of the 
oil-atomizing nozzle are shown in figures 15-3 and 15-4, 
respectively. 




Figure 15—4. — Burner nozzle disassembled. 

Variable Capacity Pressure Atomizing Burners. The 
atomizing unit of these burners consists of a burner barrel, 
nozzle body or distributor, sprayer plate, orifice plate, and 
atomizer nut. The capacity of these atomizers is regulated 
by means of an oil control valve placed in the oil return line. 
While supply of oil to the atomizer is kept at a constant rate 
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Figure 15—5. — Variable capacity pressure atomizing burner, showing oil flow. 
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of flow and a constant pressure necessary for proper atomiza- 
tion, amounts of oil returned from the atomizer may be varied 
by increasing or decreasing pressure at the oil control valve. 
The amount of oil atomized is always the difference between 
oil supplied to and oil returned from the atomizer. An oil- 
metering valve is linked with a mechanism regulating air 
admission to the burner, so that air and oil may be properly 
proportioned over the entire range of burner operation. 
Typical construction of this type of atomizer is illustrated in 
figure 15-5. 

Boiler Controls 

The operation of auxiliary boilers may be accomplished 
manually, semiautomatically, or automatically. Controls 
installed on auxiliary boilers depend on the method of opera- 
tion ; in general, they may be classified as follows : 

Thermomech anical Feed Water Reoulators are used on 
water tube, natural-circulation boilers. 

Float type feed water regulating and low water cut- 
off controls consist of a float chamber, a float, and a switch. 
The float chamber is connected to the boiler drum so that the 
water level in the chamber is always the same as the water 
level in the drum. The float is interlinked with a switch 
which is wired into the feed pump control circuit. The 
switch contacts are open when the water level in drum and 
float chamber is normal. A drop in water level causes the 
switch contacts to close. This starts the feed pump. When 
the water level is restored to a predetermined high position, 
the switch breaks the contact and stops the feed pump. The 
low water cut-off feature consists of an additional switch, 
mounted in the same case as the pump switch, but wired into 
the burner circuit. If the water level drops below a per- 
missible minimum, the low water cut-off switch breaks the 
burner circuit and stops the burner. 

ELECTRODE TYPE FEED WATER REGULATING AND LOW WATER 

cut-off controls consist of an electrode assembly and a water 
level relay. The electrode assembly contains three electrodes 
of different lengths, corresponding to high, low, and cut-off 
water level in the boiler drum. A typical electrode assembly 
is illustrated in figure 15-6. 
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The electrode assembly is installed on the top of the boiler 
drum so that the normal water level is at approximately the 
midpoint between the high-level and the low-level electrodes. 
The electrodes are electrically wired to the water level relay 
assembly. The relay contains the feed water pump start 
and stop contacts wired to the feed water pump controller, 
and the low water cut-off contacts wired into the burner cir- 
cuit. The feed pump is started when the water level in the 
boiler drops below the middle electrode. After the water 
level is restored and reaches the high-level electrode, the 
feed pump is stopped. In case the water level is not restored 
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Figure 15-6. — Water level electrode assembly. 
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and drops below the longest electrode, the cut-off contacts of 
the water level relay stop the burner by breaking the burner 

circuit 

The float type and the electrode type feed water regulating 
and low water controls are chiefly used on fire tube type 
boilers arranged for semiautomatic or automatic operation. 

LIMIT PRESSURE SWITCHES AND FRE88URETROLS are preSSlire- 

operated switches designed to control burner operation within 
a fixed range of boiler pressures. Basically they consist 
of a bellows assembly linked with a snap switch through a 
pressure-adjusting mechanism. The bellows assembly ex- 
pands or contracts with an increase or decrease of boiler 
pressure and causes the snap switch to open or close its con- 
tacts. The pressure-adjusting mechanism is set to permit 
opening and closing of the contacts at definite cut-out and 
cut-in boiler pressures. The differential between the cut-out 
and cut-in pressures may be either adjustable or fixed. 

On boilers adjusted for automatic operation the snap 
switch is wired into the burner electric circuit so that it will 
break the circuit and stop the burner when the cut-off pres- 
sure is reached, and will make the circuit and restart the 
burner when the boiler pressure falls below the cut-in 
pressure. 

On boilers arranged for semiautomatic operation (manual 
ignition) the snap switch is wired into the burner circuit 
so that it will break the circuit at the cut-off pressure and 
will hold it open, preventing manual restart of the burner 
until pressure falls below cut-in setting. ' 

A typical pressure switch arrangement is shown in figure 
15-7. 

modulating pressuretrols are steam-operated rheostat 
switches used to automatically regulate the admission of oil 
and air to the burners. These switches are similar in design 
to limit pressuretrols, except that they are equipped with a 
potentiometer coil. The switch is wired into the circuit of a 
reversible motor which operates the linkage of the air-oil 
ratio adjusting mechanism. When boiler pressure increases 
or decreases with variation of the boiler load, the bellows 
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Figure 15—7. Pressure twitch. 



assembly of the switch expands or contracts, thus causing 
a sliding: contact to move across the potentiometer coil. 
The change in electrical balance of the motor circuit causes 
the motor to rotate, assuming positions necessary to rebalance 
the circuit. The movement of the motor, transmitted by 
means of a crank arm to the linkage between the fuel-meter- 
ing valve and the damper air vanes, resets the oil-metering 
valve and the damper to positions corresponding to the firing 
rate required by the boiler load. 

Safety Combustion Controls 

Safety combustion controls are devices designed to shut 
down the burner. In the event of ignition failure, or of 
flame failure subsequent to initial ignition, these devices 
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prevent flooding of the furnace. These controls are of either 
thermostatic type (stack switches and pyrostats) or photo- 
electric type. 

Stack switches and pyrostats are mounted on the boiler 
smoke pipe or hood. This type of control consists of a 
bimetallic helix, a mounting frame, a shaft carrying a con- 
tact-making mechanism, and an electric switch. The helix 
protrudes into the path of the combustion gases. The switch 
is wired into the burner electric circuit so that, when the con- 
tacts are open, no current is supplied to the burner except 
through the Protectorelay (to permit initial ignition). When 
there is no heat in the boiler, the switch contacts are open. 
When the burner is ignited, the increase of the stack tempera- 
ture causes the helix to expand, and this expansion in turn 
causes the shaft to rotate and close the contacts. Unless the 
stack temperature decreases, the contacts will remain closed, 




Figure 15—8. — Construction details of a pyrostat. 
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permitting operation of the burner. In the event of flame 
failure, the helix contracts as the stack temperature falls, 
and causes the shaft to rotate in the reverse direction. This 
opens the contacts and shuts down the burner. 

Typical construction of a pyrostat is shown in figure 15-8. 

Photoelectric safety combustion controls consist bas- 
ically of photoelectric cell, amplifying unit, and relay. These 
controls operate by the luminosity of the flame acting upon 
the photoelectric cell. The latter makes a contact within 
itself when light rays impinge upon it. The amplified cur- 
rent of the photoelectric cell operates the relay, which is 
wired into the burner control circuit, causing the relay to 
close the burner circuit when the flame is established and to 
break the burner circuit in the event of flame failure. 

Use of BuShips Manual and Manufacturers' Instruction Books 

Design and methods of operation of auxiliary boilers, and 
their accessories and controls, differ in various degrees from 
those of usual types of ship propulsion boilers. In chapter 
51 of BuShips Manual, section VII is devoted to auxiliary 
boilers, but sections I through VI deal primarily with boilers 
used as main propulsion units, and are not wholly applicable 
to auxiliary boilers. However, it will be helpful for you to 
read this entire chapter, since it affords a thorough under- 
standing of the principles of combustion, of shipboard boiler 
maintenance practices, and of safety precautions. 

Every ship equipped with auxiliary boilers should have on 
board at least two copies of the manufacturer's instruction 
books. These instruction books should be used for detailed 
information regarding construction, operation, and mainte- 
nance. 

Personnel charged with the operation of auxiliary boilers 
should also familiarize themselves with the principles of 
boiler feed water treatment and water tests, as covered in 
chapter 56 (section I) of BuShips Manual. 
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SUMMARY 



Because of the wide application of hydraulics throughout 
the modern ship, it is most important that those responsible 
for care and maintenance be thoroughly familiar with the 
machines using this method of power transmission. In 
many cases, the MM1 or C may be required to maintain 
auxiliary machinery equipped with a hydraulic system. You 
should know not only the construction and operating princi- 
ples of the unit but also the proper procedures for its care 
and maintenance. Know what may cause trouble in a hy- 
draulic system and what steps should be taken to eliminate 
the cause and prevent recurrence. Be familiar with the 
symptoms which are indicative of impending troubles and 
know what to do when such symptoms occur. Keep in mind 
that hydraulically operated equipment can usually be main- 
tained in satisfactory operating condition by regular opera- 
tion, by adequate and proper lubrication, and by maintenance 
of all units, as well as the working fluid, in the required state 
of cleanliness. Most casualties can be avoided if the pre- 
scribed instructions on operation, care, and maintenance are 
followed. 

In the case of compressed air plants, maintenance is of 
paramount importance. Even when rigid procedures are fol- 
lowed, a reduction in plant capacity may result from several 
causes. The MMl or C should be thoroughly familiar with 
the troubles which may occur, their causes, and the correc- 
tive action to be taken. It is necessary to have not only 
a thorough knowledge of written instructions, but also prac- 
tical experience in maintaining all the components of a com- 
pressed air plant. This should include the care of air in- 
takes and filters; the maintenance and repair of air valves, 
and of compressor air cylinders, pistons, and wrist pins ; the 
adjustment of bearings and couplings; and the proper 
maintenance of the various systems in the plant. 

Personnel charged with the operation of an auxiliary 
boiler should be thoroughly familiar with the boiler and all 
equipment installed thereon. Satisfactory operation of the 
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boiler depends on proper care and carrying out of mainte- 
nance procedures prescribed in the manufacturer's instruc- 
tion book. Automatic regulating and control devices are de- 
signed to perform certain functions which otherwise would 
require attendance of additional personnel; therefore, spe- 
cific attention should be given to maintaining these devices 
in proper operating condition. If failure of an automatic 
device remains undetected, damage to the equipment or in- 
jury to personnel may result. 

QUIZ 

1. What are two important characteristics of a good hydraulic fluid? 

2. When the charging tank of a telemotor hydraulic system is 
being filled, why is the fluid strained through cheesecloth? 

3. How often should the ropes of the wire-rope type of remote 
control be removed and inspected? 

4. What measures can be taken to protect the exposed portions 
of the hydraulic rams of a steering gear? 

5. How often should the oil in the high-pressure hydraulic system 
of a steering gear be filtered? 

6. What condition, other than wear, generally makes frequent ad- 
justment of windlass brakes necessary? 

7. The over-all efficiency of hydraulic installations used to drive 
auxiliary machinery is basically dependent upon what four 
factors? 

8. What are the principal requirements necessary to maintain 
hydraulic gear in satisfactory operating condition? 

9. Why should hydraulic equipment be operated at regular intervals? 

10. What are two symptoms which signify that the shuttle valves 
of a hydraulic system are not operating properly? 

11. During the cleaning procedure of a fluid system, what precau- 
tionary measures should be taken while a hydraulic unit is in 
operation? 

12. What is likely to occur if the stuffing box packing of a hydraulic 
pump is not renewed regularly? 

13. What are the four possible sources of trouble that result in 
hydraulic system casualties? 

14. In brief, what is the difference in the processes used to locate 
large and small internal leaks in a hydraulic system? 

15. If the capacity of an air compressor decreases because of air 
leaks, what are two possible causes of the trouble? 

16. If a compressor begins to "groan, M and reduction in capacity 
is indicated, what are the probable causes of this trouble? 
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17. Why should gasoline or kerosene never be used to clean the air 
intake filter of an air compressor? 

18. If the intercooler pressure of an air compressor drops below 
normal, what is the probable trouble? 

19. Dirt which causes compressor air valves to operate improperly 
can usually be traced to what three sources? 

20. When inserting compressor air valves in a cylinder, what pre- 
caution must be taken? 

21. What can be used as a seal against leakage at the threads of an 
air valve set screw, if no lock nuts are provided for this purpose? 

22. Why is a sponge or woolen yarn preferred over cotton as a filter 
in compressor control valves? 

23. Why are air flasks, relay tanks, and separators of surface ships 
given a surface inspection every three months? 

24. When starting a new compressor for the first time, what action 
should be taken? 

25. How often must the diaphragm of a steam whistle be inspected 
and cleaned? 

26. When installing a siren unit, what two factors should be con- 
sidered? 

27. How often should hardness and 'alkalinity tests be performed 
on boiler water? 

28. If shore water has to be used in boilers, why must it first be 
evaporated in the ship's distilling plant? 

29. Why should the salt-water piping in the drain cooler be fre- 
quently checked for leaks? 

30. What type boilers are equipped with thermomechanlcal feed 
water regulators? 

31. What type of boiler controls are generally used on fire tube 
boilers arranged for semiautomatic or automatic operation? 
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CHAPTER 





NAVY REPAIR PROCEDURES 

This chapter deals with the repair department organiza- 
tion of repair ships and tenders and procedures for handling 
repairs aboard ship and at repair activities. The funda- 
mental difference between repair ships and tenders is one 
of function. Repair ships perform maintenance functions 
beyond the capabilities of a ship's own facilities. They are 
floating shops, with skilled workmen and many tools. Tend- 
ers, on the other hand, perform repair work, provide spare 
parts, and render other services to the ships they serve. 
Thus, on a repair ship there are general maintenance facil- 
ities for a number of types of craft, and stocks of commonly 
used repair parts. On a tender the facilities are specific to 
the type of ship tended, and the material items are peculiar 
not only to that type but also to the particular class com- 
posing the squadron to which the ship is attached. In addi- 
tion, the squadron depends on the tender for ammunition, 
general stores, medical facilities, and often quarters, as well 
as for repair services. 

Repair ships are classified as follows: 
L AR (Repair Ship) 

2. ARB (Battle Damage Repair Ship) 

3. ARG (Internal Combustion Engine Repair Ship) 

4. ARH (Heavy Hull Repair Ship) 

5. ARL (Landing Craft Repair Ship) 
f>. ARS (Salvage Vessels) 
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7. ARS(D) (Salvage Lifting Vessels) 

8. ARS(T) (Salvage Craft Tenders) 
Tenders are classified as follows : 

1. AD (Destroyer Tender) 

2. AS (Submarine Tender) 

3. AGP (Motor Torpedo Boat Tender) 

REPAIR SHIPS (AR) AND TENDERS (AD) 

In this training course, the discussion of repair ships and 
tenders is limited to the AR and the AD. 

Designation, Function, and Facilities 

The modern AR is designed to meet the maintenance re- 
quirements for capital ships, such as battleships, cruisers, or 
carriers exclusive of the aircraft. Its shops consist of all com- 
ponents required for hull machinery, electrical, and ordnance 
work. They are the largest and most complete shops found 
on any repair ship or tender. The repair materials carried 
in stock are widely used in hull and machinery items, gyro 
parts, navigation and interior communications equipment, 
typewriter repair parts, electronic items, and motion picture 
equipment. 

Some AR's were constructed for their present purpose; 
others were merchant marine hulls converted to naval use. 
Displacements vary from approximately 11,000 to 16,000 
tons. The spaces aboard ship can accommodate from 35 
to 65 officers and from 700 to 1000 men. Most AR's have 
two booms with a lifting capacity of 20 or 30 tons. The 
engineering plants develop from 2500 to 11,000 shaft horse- 
power, and generating capacity in both a-c and d-c varies 
from 1600 to 4500 kilowatts. 

The modern destroyer tender, AD, is intended to meet the 
normal supporting requirements of 18 destroyers. The 
repair plant is planned to provide the equipment and capac- 
ity for the afloat repairs of the destroyers tended, of which 
the maximum number alongside at any one time is six. Some 
of these ships were originally designed as tenders, while 
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others are conversions from merchant marine types. The 
displacements range from 16,000 to 18,000 tons, and accom- 
modations are provided for 50 to 70 officers and for 750 to 
1200 men. 

The tender is also equipped to furnish hospital and dental 
facilities to accommodate approximately 2 percent of the 
combined crews of the destroyers tended. 

The engineering plant develops from 8500 to 12,000 shaft 
horsepower and the generator capacity, ranging from 2100 
to 3500 kilowatts, is sufficient for the tender itself as well as 
for ships alongside. Compressed air, fresh water, and other 
services are also provided by destroyer tenders. These ships, 
as well as all other black-oil-burning repair types, are fitted 
for fueling at sea. Destroyer tenders carry approximately 
1500 tons of oil usable for servicing other ships. 

Materials carried include general and ship's stores, ammu- 
nition, torpedoes, and a 6 months' supply of repair items for 
the vessels tended. Main boom capacity is 20 or 30 tons, 
with additional smaller lifting services consisting of two 
4-ton cranes and torpedo handling booms. To provide boat- 
ing service for the ships tended, the tender is supplied with 
more than the usual number of small boats. 

Organization of Repair Ships and Tenders 

The organization of a repair ship or tender follows the 
standard ship organization, with which you are already fa- 
miliar. The organization of the Repair Department is sim- 
ilar in all types of repair ships and tenders. Some variations 
exist in the assignment of shop space to various divisions; 
foi example, the foundry is sometimes located in the machin- 
ery division and sometimes in the hull division. The chart in 
figure 16-1 shows the organization of the repair department. 

Repair Officer. On a repair ship or tender where service 
to other ships is a primary function, the repair officer is the 
officer detailed by CNO or the CO to head the repair depart- 
ment. The repair officer is primarily responsible for the 
maintenance of a well-organized and efficiently operated re- 
pair department. He is responsible for the maintenance 
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and operation of the equipment assigned to the repair de- 
partment. He is responsible for the training, direction, and 
coordination of personnel under his supervision. He must 
know the current work load of his department and must also 
keep the staff material officer (or the service division repre- 
sentative) informed of the current work status so that the 
latter can properly schedule and assign ships. In peacetime, 
when working under the allotment system, the repair officer 
is responsible for operating within the allotment granted, 
and for the initiation of requests for further funds if 
required. 

The repair officer is responsible for the proper performance 
of the following specific functions : 

1. Preparation of repair schedules. 

2. Preparation of reports, forms, and orders pertaining 
to assigned functions and duties. 

3. Supervision and inspection of repairs and services. 

4. Review of work requests received from the ships as- 
signed for repair. 

5. Review of all personnel problems arising within his 
divisions in such matters as training, assignment, rating, 
and leave. 

6. Cleanliness and maintenance of spaces assigned. 
Assistant Repair Officer. In the absence of the repair 

officer, the assistant repair officer is primarily charged with 
the accomplishment of repairs on those ships made available 
by competent authority. He is usually responsible for the 
internal administration of the repair department, for de- 
partment correspondence and dispatches, for the mainte- 
nance of adequate files and records and for the preparation of 
reports. His responsibilities also include the details of the 
training program for personnel in the repair department 
the writing of job orders, and seeing that personnel receive 
important information, such as department orders. 

In addition to general office administration, the assistant 
repair officer is often assigned the more specific job of keep- 
ing progress data on all outstanding work, supervising the 
photographic laboratory, supervising the drafting room, and 
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preparing requisition data for specific material. In per- 
forming this latter function he works closely with the supply 
department in order to expedite the preparation of requisi- 
tions and to initiate follow-ups on outstanding requisitions. 

In addition to the assistant repair officer, the repair officer 
also has the following assistants : an electrical assistant, an 
electronics assistant, an engineering or machinery assistant, 
a construction or hull assistant, and an ordnance assistant. 

Diving and salvage officer. The primary duty of the 
diving and salvage officer is the supervision of all diving 
operations. He is responsible for the maintenance and in- 
spection of all diving equipment, and must see that it is 
available for use when needed. He must also see that diving 
instructions and precautions set forth in the U. S. Navy 
Diving Manual, 1948, are enforced. 

The diving and salvage officer is also responsible for the 
adequacy and readiness of rigging equipment, and under- 
water tools such as burning, cutting, and welding outfits. 

Repair department day duty officer. If the repair 
officer is absent, the day's duty repair officer will see that 
incoming ships are met by a boarding officer. He will also 
approve, execute, and expedite emergency and routine work. 

REPAIRS AND ALTERATIONS 

Maintenance jobs may be divided into two major groups — 
repairs and alterations. Although repair ships and tenders 
are capable of handling both types of maintenance jobs, they 
are primarily concerned with repairs. 

A Repair, as defined in Navy Regulations, is "work neces- 
sary to restore a ship or article to serviceable condition with- 
out change in design, materials, number, location, or 
relationship of the component parts." Repair work items 
are determined by the ship's force and approved for ac- 
complishment by the ship's CO. If the work is such that it 
cannot be accomplished by the ship's force, but requires the 
service of an AR or AD, the items must be approved by the 
cognizant type commander. 
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An alteration is defined as "any change in the hull, ma- 
chinery, equipment, or fittings which involves a change in 
design, materials, number, location, or relationship of the 
component parts of an assembly, regardless of whether it is 
undertaken separately from, or incidental to, or in con- 
junction with repairs." Bequests for alterations originate 
from three sources: BuShips (other bureaus may originate 
requests for alterations to equipment under their jurisdiction, 
but this discussion is limited to alterations of BuShips con- 
cern, called shipalt's), the forces afloat, and CNO. In any 
case, BuShips administers the requests for alterations. If 
BuShips determines that the alteration is one affecting mili- 
tary characteristics (a navalt), it forwards the request to 
CNO for approval and action. If the alteration does not 
affect military characteristics, BuShips may approve and 
authorize it without reference to CNO. In general, alter- 
ations of the latter type are concerned with matters of safety, 
efficiency, economy of operation or maintenance, and the 
health and comfort of personnel. 

SHIPALFs 

Each shipalt is identified by a composite number consist- 
ing of two serial numbers followed by the letter "A," "K," 
or "D." Serial numbers are assigned chronologically in the 
order in which alterations are approved. The first serial 
number is the type serial number ; that is, the number of the 
alteration within a type (BB, CL, CA, etc.). The second 
serial number is the ship serial number ; that is, the number 
of the alteration for a specific ship within the type. The 
letter indicates the expenditure account chargeable. . 

For example, consider SHIPALT CVE 621A72— 
SIBONEY. CVE is the ship type designation (in this case 
an escort carrier) ; 621 indicates that the alteration is the 
621st approved for CVE's; "A" designates the account to 
which the charges will be made; 72 indicates that this alter- 
ation is the 72nd approved for the USS Siboney. 
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NAVALT's 

Nay-alt's, although basically shipalt's, concern items in- 
volving military characteristics, and as such they must be 
approved by CNO, who also establishes their priority for 
accomplishment. They are listed and handled in the same 
manner as shipalt's, but the use of the separate forms facili- 
tates accounting and administration in BuShips. 

Alterations Equivalent to Repairs 

According to Navy Regulations, an alteration is consid- 
ered equivalent to a repair when it consists of : 

1. The use of different materials which have been ap- 
proved for like or similar use when such different materials 
are available from standard stock. 

2. The replacement of worn-out or damaged parts re- 
quiring renewal by those of later and more efficient design 
previously approved by the bureau concerned. 

3. The strengthening of parts which require repair or 
replacement in order to improve reliability of the parts and 
of the unit, provided no change in design is involved. 

4. Minor modifications involving no significant changes 
in design or functioning of equipment but considered essen- 
tial to prevent recurrence of unsatisfactory conditions. 

Alterations equivalent to repairs may be approved and 
authorized by type commanders without reference to Bu- 
Ships, provided they do not involve increases in weight or 
vertical moment. They are financed and otherwise adminis- 
tered in the same manner as repairs, except that their comple- 
tion is reported to BuShips. 

Alterations and Improvement Program 

The type commander maintains a master record of all 
outstanding shipalt's and alterations for the ships of his 
force. Sometimes this list of alterations is divided into 3 
sections — shipalt's (including n avalt's), ord alt's (ord- 
nance alterations) , and alterations equivalent to repairs. 
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In order to maintain a master record of the alteration pro- 
gram, the type commander requires the ships to report the 
completion of any alterations, either by letter or by the pink 
copy (NavShips 99) of the completed shifalt, to BuShips, 
via the type commander. In addition, copies of the master 
list are sent to each ship quarterly. New alterations, when 
approved, are added to the list. Corrections, if any, are made 
and a corrected copy of the list is returned to the type 
commander. 

In addition, BuShips maintains a record of the outstand- 
ing alterations for each ship. These alteration records must 
be accurate and kept up to date. When an alteration has 
been completed by all ships concerned, it is removed from 
the outstanding alterations list. Copies of this list (A and 
I program) are kept on file in the log room. 

REPAIR PROCEDURES AND AVAILABILITY 

Ships are scheduled for routine overhaul periods along- 
side repair ships or tenders at certain intervals of time. 
These time intervals will vary according to the different types 
of ships. Destroyers usually undergo a tender overhaul pe- 
riod every 6 months. The time that a ship spends alongside 
a tender or repair ship is normally about 2 weeks. These 
overhaul periods are usually planned far in advance and 
depend upon the quarterly employment schedule of the ship 
concerned. During normal procedures the ship will know 
well in advance when it will go alongside a tender or repair 
ship for a routine overhaul period. 

After a ship receives a tender assignment, listed in the 
employment schedule, the unfinished paperwork should be ac- 
complished. An inspection is made to see that the current 
ship's maintenance project (CSMP) is up to date. Data 
from the appropriate CSMP cards are copied onto work re- 
quests, for repair ship accomplishment. (A description of 
how these CSMP cards are made up and maintained is given 
in chapter 18 of this training course.) When the CSMP 
card data are copied, the ship's serial number is also assigned 
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to work requests. Then the work requests are arranged in 
the order of their priority, for their respective groups, such 
as mechanical, electrical, and hull. In cases of tender and 
repair ship overhaul, alterations which are marked for ac- 
complishment by forces afloat are included in the requested 
work items. In other words, the above approved alterations 
are included with the repair items and processed in the same 
manner. 

The work requests, with the required number of copies, 
are sent with a forwarding letter to the type commander or 
to his representative, and are screened by the staff officer 
handling material and maintenance. Most of the ship's 
overhaul work list items are approved; some may be dis- 
approved, some revised so that the work may be done by the 
ship's force; on some items, the ship may be required to fur- 
nish additional information. The amount of corrective 
action taken by the reviewing staff officer will depend upon 
how well the work requests are written and if they follow 
established policies. Upon the completion of this screening, 
the ship's approved work requests are forwarded to the re- 
pair ship or tender. 

The ship must prepare the work requests in sufficient time 
so that all major work items will reach the repair ship or 
tender not less than 30 days in advance of the snip's arrival 
alongside. When supplementary work requests must be sub- 
mitted, they should reach the repair activity before the ar- 
rival of the ship. 

The procedures for handling repairs are essentially the 
same on tenders and repair ships. The method of accepting 
work requests, or the channels through which work requests 
flow to the repair department, may vary slightly. However, 
the preceding and following discussions will give you a 
good understanding of the usual normal requirements. 

A vessel may not informally, and on her own initiative, 
enter a naval shipyard or come alongside a tender or repair 
ship for repairs. The control and disposition of a vessel 
is generally a function of the operating command. Thus, 
when outside repair assistance is needed, the vessel's type 
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commander— or in certain cases the task force commander — 
assigns the vessel an "availability" at a repair activity. 

The term availability indicates that the vessel is avail- 
able to a repair facility for repair, overhaul, and/or altera- 
tion. Navy Regulations defines availability as follows : "The 
period of time assigned a ship by competent authority for the 
uninterrupted accomplishment of work at a repair activity." 

Regular Overhaul 

An availability for the accomplishment of general repairs 
and alterations at a naval shipyard or other shore-based 
repair activity is referred to as a regular overhaul. The 
period between regular overhauls for each type ship (gen- 
erally 18 months) is recommended by BuShips and the 
type commanders. With the periods for the type established, 
each type commander with BuShips prepares a regular over- 
haul schedule for each vessel under his command, by project- 
ing from the date of completion of the last regular overhaul. 
The type commander then requires his ships to submit their 
individual work requests, transfers funds to the appropri- 
ate naval shipyards, and directs the ships to report at the 
assigned date to the shipyards. This type of availability is 
of importance to the MM1 or C because his ship will be sched- 
uled for regular overhauls and he will assist in making out 
work requests. 

Restricted Availability 

When specific work is necessary a restricted availability 
will be requested. Navy Regulations defines restricted avail- 
ability as follows : "An availability for the accomplishment 
of specific items of work by a repair activity, with the ship 
present." For example, a restricted availability would be 
granted for the repair of a propeller blade of a ship. Many 
of the ships which come alongside a repair ship or tender 
will have been granted this type of availability. 

Technical Availability 

An availability for the accomplishment of specific items 
of work by a repair activity, with the ship not present, is 
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known as a technical availability. This type of availabil- 
ity is granted when a unit of auxiliary equipment, such as a 
pump, needs repairing — a unit which can be detached and left 
for repair while the ship continues on its mission. Since the 
ship will not be present during the availability, arrange- 
ments must be made for the ship to deliver the defective 
equipment and to call for it on completion of repairs, or to 
provide shipping instructions. 

Voyage Repairs 

An availability for the accomplishment of emergency work 
which is necessary to enable a ship to continue on its mission 
and which can be performed without requiring a change in 
the ship's operating schedule or in the general steaming 
notice in effect is known as voyage repairs. This type of 
availability is very similar to restricted and technical avail- 
abilities except that a change in operating schedule is not 
involved. 

Upkeep Period 

An upkeep period is that period of time assigned, by com- 
petent authority, for. uninterrupted accomplishment of work 
by the ship's force or by other forces afloat. During this 
upkeep period the ship is anchored or in moorings. 

Arrival Repair Conference 

As soon as a division or a unit arrives for an assigned avail- 
ability, an arrival repair conference is usually held. Repre- 
sentatives of the ships of the repair department, and, usually, 
of the type commander are present at the conference. The 
conference serves to clarify all uncertainty for the repair 
department, which has received and studied the work re- 
quests in advance. The relative needs of the ships and the 
relative urgency of each job is settled. 

Services 

The repair ship provides the primary services of steam and 
electricity in sufficient quantity to take care of heating and 
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lighting requirements and limited power for the ships along 
side. (Fuel is not generally supplied except from service 
force barges.) In addition, the repair ship or tender usually 
takes over communications watches. 

Work Requests and Job Orders 

The terms "work requests" and "job orders" are sometimes 
used interchangeably by personnel. This is not technically 
correct, because there is a difference in meaning of the two 
terms. Work requests are made up by the ship and for- 
warded through proper channels to a repair ship or naval 
shipyard. When the work request has been approved by the 
repair activity, it becomes a job order and a job order number 
is assigned. When this number is assigned, the work request 
becomes an actual job order to the repair personnel of a 
repair ship or tender. Naval shipyards, however, issue their 
own form of job orders when the work requests have been 
approved. In short, a job order is an approved work request. 

Getting the Repair Jobs Started 

As soon as the work requests have befen approved at the 
arrival conference, the jobs which require delivery of parts 
or material to the tender shops should be started immediately. 
Starting these repair jobs early is very important in getting 
all the necessary repair work completed. Some of the equip- 
ment, not needed for the operation of the ship, may be dis- 
assembled in advance so that defective parts can be delivered 
to the tender as soon as the work requests have been approved. 

All material delivered to the tender should be properly 
tagged and identified. Metal tags, secured with wire, are 
preferred. The information on the tag should, if practi- 
cable, include the following: the number and name of the 
ship, the department and the division or space, and the job 
order number. The tender's assigned number should be 
used when possible. Reference material such as blueprints 
and manufacturers' instruction books should contain the 
ship's name and number. 
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Ship-To-Shop Jobs 

At times, repair jobs are designated by the ship, or ap 
proved by the repair activity, as "Ship-To-Shop" jobs. This 
indicates that the ship's force will do most of the repair work. 
For example, take a pump with a damaged shaft. Ship's 
force will disassemble the pump and remove the damaged 
shaft. The shaft is tagged, and brought to the repair ac- 
tivity machine shop. When necessary, the required blue- 
prints are also delivered. The machine shop supervisor will 
check on the job and give an estimated completion date. 
When the shaft has been repaired or a new one made, ship's 
force will pick it up at the machine shop and return it to the 
ship. The new or repaired shaft is installed and the pump 
reassembled by ship's force. Inspections and tests are made 
to see that all conditions are satisfactory. 

Repair jobs for such items as gages, valves, and portable 
equipment are always written up as ship-to-shop jobs. 

In some cases repair jobs are written up for a repair ac- 
tivity to assist ship's force in accomplishing certain repairs. 
Many of these jobs can be called ship-to-shop jobs. 

Checking Progress of Tender Repair Jobs 

The MM1 or C should check the progress of repair work 
for his space or equipment. Tender repairs which are being 
performed on board the ship that is being serviced can 
easily be checked by discussing the details of the job with the 
CPO in charge of the repair personnel. 

Checking progress of work in the shops on the tender will 
require planning and coordination between your ship and the 
tender. The method used in checking progress should be 
one that does not necessarily interfere with personnel work- 
ing in the shops. 

Some tenders and repair ships have a CPO who acts as a 
ship superintendent. In general, his duties are as follows : 

1. To act as liaison officer between the ships alongside 
and the tender in regard to repair department jobs 

2. To act as a coordinator of shop work for the assigned 
ships 
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3. To report daily to representatives of the commanding 
officers of the ship alongside to ensure that the work is pro- 
gressing satisfactorily 

4. To maintain a daily progress report or chart which 
will indicate (a) the percent completion of each job; (b) the 
availability of plans, manufacturers' instruction books, or 
samples; and (c) the availability of material required for 
each job 

5. To notify the ship to pick up completed material from 
the repair ship or tender shops 

6. To notify ship's personnel to witness tests on ma- 
chinery, compartments, and tanks occasioned by work 
performed 

7- To obtain signatures from officers concerned in case of 
cancellation of a job order 

8. To secure signatures from officers concerned on com- 
pletion of job orders. 

Where a tender or repair ship provides a ship's superin- 
tendent, the work progress on the tender can easily be 
checked, because your ship will be furnished with the neces- 
sary information by the ship's superintendent. 

In cases where the services of a ship's superintendent are 
not provided by a tender or repair ship, it is advisable that 
the ship appoint a petty officer first or chief to perform simi- 
lar duties for the division or engineering department. 

The basic purposes for checking progress of repair work 
are to see that (1) jobs are not delayed, (2) no job is over- 
looked or forgotten, and (3) all jobs undertaken are satis- 
factorily completed at the end of the repair period. 

PROCESSING WORK REQUESTS 

During World War II a work request was simply a list of 
items with the information necessary to define each job. 
Often, in extreme emergencies, the work request was set out 
in the form of a dis « :ch. In peacetime, work requests are 
made on printed forms provided for that purpose. Ship's 
personnel fill in the necessary data and sufficient copies of 
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WORK REQUEST 

DATE: 


REPAJR 
fci«.(Moch.) 


BUREAU 
Ship a 


TITLE 


Oaap or laaaa Na. 
fttaS 


Saip't Strial No, 

ao-53 


USS DOOR CT3333 


Qaaaattcatk 


Ml ■ 1 ,i. 


Priority Raaxiaa 


OOMAIRLANT 


Privity 

Roatlao 


aaa^aPocco | Rt| 




arSMp 1 Skipyord 
X 




Date Listed 


U/23/53 


aumd 




Completed 




Ropoir Skip or 


Sa#yard(a 


paasooiaaa) 






ARIQ J-O. Mo. 


Brief ol Repair laclaaja My aocoaaary 4mm, rnwin oo a*t«ri4 
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Rguro 16—2. — Somple work roquatt. 



the work requests are submitted for distribution to all inter- 
ested personnel. Figure 16-2 illustrates a common type of 
work request form used by a type command. 

Work request forms are filled out by ship's personnel with 
sufficient copies for distribution as follows : original and one 
copy for the repair ship (some repair ships require two 
copies) , one copy for return, after approval by the type com- 
mander's representative, to the originating ship, and one copy 
for the type commander's maintenance files. The entries 
made on the form shown in figure 16-2 may be described 
briefly as follows : 

Bureau: The title of the bureau having cognizance over 
the item to be repaired is filled in here. 
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Title : This space is no longer applicable. 

Group or Index Number : Each group of machinery, struc- 
ture, or equipment aboard ship bears a file number such as 
S16, access openings; S35, laundry; S41, main propelling 
machinery; and S51, boilers, 

Ship's serial number : Each ship numbers its work requests 
serially throughout a calendar year. 

The ship's serial number is usually made up of a composite 
number — for example DD785-EM25-63. This number is 
made up of 3 parts. The first part is the number of the ship, 
which indicates that it is a work request from the DD785. 
In the second part, E indicates that it is a work request from 
the engineering department; M indicates that it is a mechan- 
ical job, and the number "25" is the individual serial number 
of the mechanical job or work request. The third part in- 
dicates the year in which the request is made. In other 
words, it is the 25th engineering mechanical work request 
from the engineering department in the year 1953, from the 
DD785. 

USS : The name of the ship is entered here. 

Classification: Some items of equipment bear a security 
classification which is indicated here. 

Priority: This is the priority requested by the ship — 
urgent, routine, or deferred. 

Ship's force, repair ship, shipyard: Check the activity 
which will accomplish the indicated repair. 

Date : This line is self-explanatory. 

J. O. number : Job order number is filled in by the repair 
activity. 

Brief of repair : A specific statement of the work desired 
is necessary; it is often desirable to include the symptoms 
of faulty operation. It is further desirable to list the ap- 
plicable drawings and to indicate whether or not they can 
be furnished. Where applicable, a statement is made as to 
which part of the work will be accomplished by the ship's 
force (for example, dismantling, reassembly, and delivery 
to and from the repair shop) . Such instructions as "do work 
as necessary," "check," or "open up, examine, and repair" are 
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almost meaningless, and are not acceptable. It is common 
practice to include the name of the ship's officer or the CPO 
who should be contacted for details if necessary and who 
will be responsible for inspection of the completed job. 

Approval : The type commander's maintenance officer, or 
his representative, fills in the title of the type command in 
this space. The CO of the ship usually reviews and signs 
all requests. 

Priority : This is the priority assigned to the job by the 
screening authority. 

Leave Blank : In this space the repair activity enters such 
data as (1) number of man-hours on the job, (2) stub requisi- 
tion numbers of material drawn, and (3) signature of the 
person signing for the completed job. 

SHIPS FORCE MAINTENANCE AND REPAIRS 

Each ship should, in so far as practicable, be self-sustain- 
ing with regard to normal repairs. Each ship should be well 
supplied with material, tools, and repair parts and equip- 
ment in order that a great deal of its repair work can be 
accomplished. Training and repairs should be undertaken 
under the supervision of the most competent and experienced 
personnel. In cases where personnel are not familiar with 
the manner of making specific repairs and tests, they should 
be instructed to take advantage of shipyard or repair ship 
availabilities or tender assignments, to observe how such 
work is undertaken. Budget limitations in peacetime, and 
military operations in wartime, require that, as far as pos- 
sible, a ship be self-sufficient. 

Administration of Maintenance Work 

The CSMP, the Machinery History, the inspection meth- 
ods including work inspection and progress inspection during 
overhaul, and other methodical procedures, when properly 
used, guarantee systematic inspection of material, provide 
adequate records of inspection and work, and virtually assure 
that all material is given proper care and attention. 
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These and other material administrative measures have 
the added effect of promoting thoroughness and a sense of 
responsibility in naval personnel. The technical excellence 
and reliability which the Navy has is due, in large measure, 
to systematic material administration carried on in conjunc- 
tion with carefully planned and analyzed operating pro- 
cedures. 

Preventive Maintenance 

The purpose of preventive maintenance is to maintain 
satisfactory material conditions and ensure that the equip- 
ment or machinery is always ready for service. A regular 
schedule of cleaning, inspections, operations, and tests is re- 
quired to ensure trouble-free operation and the detection of 
incipient faults before they become a major source of 
difficulty. 

Check-Off Lists. Ships are, required to establish and 
maintain, for each station, check-off lists which will indicate 
periodic tests and inspections for each item of machinery or 
equipment at that station. The purpose of these check-off 
lists is to guard against any phase of the ship's force main- 
tenance work being overlooked. 

Routine Inspections and Tests. The majority of routine 
inspections and tests are generally performed by the ship's 
force. Most of the inspections and tests are quite simple 
in nature ; others require planning so that they can be under- 
taken during upkeep or overhaul periods. Shipyard and 
repair ship assistance is not to be requested unless the test 
or inspection is actually beyond the capacity of ship's force. 

SHORE-BASED REPAIR ACTIVITIES 

Shore-based repair activities include naval repair activities 
under the management control of BuShips or CNO, and com- 
mercial ship repair yards under contract to the Navy. 

Organization of a Shore-Based Repair Activity 

Although all shore-based activities have a similar organi- 
zation, it is not a standardized one, and details will depend 
upon the size of, and the repair facilities and local conditions 
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at, the repair base. Some shore-based repair activities have 
more or less an abbreviated form of naval shipyard organiza- 
tion ; others adapted their organizations directly from that 
used aboard a repair ship or tender. The major difference 
between the two organizations lies in the existence or non- 
existence of separate planning and production departments. 
The larger the shore-based repair activity, the more it tends 
to conform with a naval shipyard type of organization. 

Procedure for Obtaining Repairs 

The work requests proceed from originating ship to the 
type commander's representative, who authorizes an avail- 
ability, in accordance with operational commitments. The 
requests will then go to the local service force representative, 
such as the service squadron or division commander, for as- 
signment. Finally, the requests go to the repair facility. 

From time to time, between maneuvers, your ship will be 
anchored in places where shore-based repair facilities are 
available. With the approval of the type commander, who 
furnishes the funds for repairs, emergency and voyage re- 
pairs may be accomplished, depending upon the time avail- 
able. When practicable, it is a wise policy to get urgent 
repairs accomplished by shore-hased repair activities. 

NAVAL SHIPYARDS 

A naval shipyard is a component activity of a naval base. 
The primary mission of the naval shipyard is to render serv- 
ice to the fleet in the form of efficient and economical build- 
ing, repairs, alterations, overhauling, docking, converting, 
or outfitting of ships and related special manufacturing, 
and necessary replenishment of stores and supplies where 
required. 

Naval shipyards are designated as home yards and as plan- 
ning yards. A home yard is a shipyard to which a particu- 
lar vessel is usually assigned by CNO for accomplishment 
of repairs and alterations. A planning yard is a shipyard 
which has been designated by BuShips as the yard which 
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undertakes the design work for the type ship allocated to it 
by BuShips. Naval shipyards perform many other functions, 
such as manufacturing, research, and design. These func- 
tions will not be considered in this training course. 

Administration of Repairs 

CNO has delegated his authority to the fleet commanders 
to grant availabilities at naval shipyards for regular over- 
hauls, voyage repairs, emergency repairs, and technical and 
restricted availabilities. The fleet commanders have further 
delegated to the type commanders this authority for voyage 
repairs and technical availabilities, and in some cases re- 
stricted availabilities. To describe the type commander's 
part in dealing with availabilities, only the regular overhaul 
will be discussed. It should be noted that, in general, repair 
work cannot be accomplished by any repair activity unless it 
is granted funds with which to do the job. Repair activities 
do not have money in their own right for this purpose. The 
MBS (Maintenance Bureau of Ships) repair allotment ad- 
ministered by the type commander is utilized to reimburse 
shore repair activities for labor charges and material costs, 
and to reimburse tenders for material costs incurred incident 
to repair to hull, machinery, and equipment under the cog- 
nizance of BuShips. Funds for improvements to vessels 
(shipalts) arg administered by BuShips for all material 
under the cognizance of that Bureau. 

Procedure for Submitting Repair Lists 

The rules for submitting shipyard work requests prior to 
a regular overhaul are laid down in general in Nctvy Regula- 
tions, and in detail in fleet and type commander regulations. 
The following procedure is followed in the Atlantic Fleet. 
Commanding officers are required to submit their naval ship- 
yard work lists to the type commander 60 days prior to a 
scheduled regular overhaul. The type commander will care- 
fully inspect these lists. The various items are approved, 
disapproved, changed, or corrected in accordance with stand- 
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ard repair policies. The lists are then forwarded to the 
naval shipyard not less than 30 days prior to the start of the 
overhaul. 

Ships having mimeograph machines are required to submit 
30 copies of the work lists ; others, an original and 6 copies. 
A separate (departmental) work list is made out for each 
of the following headings: hull, engineering (mechanical), 
engineering (electrical), electronics, and ordnance. 

Items of work are listed in the relative order of priority 
for each work list of the groups listed above. After these 
work lists have been completed, a ship's priority index is 
made up. The priority index is usually made up at a con- 
ference of all heads of departments and the executive officer. 
The various items are selected from the individual repair 
lists and assigned in an over-all order of priority for the 
ship. The ship's priority index usually consists of two col- 
rmns of numbers ; the first column is the order of priority, and 
the second column is the repair item number. A sample of 
this list is shown below : 



Work 
Item 

Priority Integrated Priority List No. 

1 EM-1 

2 EM-2 

3 0-1 

4 _ H-l 

5 EE-1 

6 E-l 

7 H-2 

etc etc. 



Note : H=Hull. 

EM = Engineering (Mechanical). 
EE ^Engineering (Electrical ) . 
E=Electronic8. 
0=Ordnance. 

Certain procedures are usually followed in making out a 
departmental work request list. Some type commanders re- 
quire that each work item should be submitted in the follow- 
ing form and contain the designated information : 
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L Description of the item, including location, name plate 
data, and where applicable, plan numbers. 

2. Report of existing defects in the item to be repaired. 

3. Complete and full description of repairs required to 
place the item in satisfactory operating condition. The re- 
pair parts, which are required to effect repairs, should be 
clearly indicated. 

4. Reference should be made to authorizing correspond- 
ence, where applicable. If none is applicable or exists, report 
"none." 

5. Specify whether "ship-to-shop" or any other assistance 
is to be provided by ship's force. 

6. Ship's inspecting officer or petty officer. The person ( s) 
specified should have detailed information on the repair item. 

The following repair request item is given as a sample : 

EM-12 (S55) 

(a) Fuel Oil Heaters No. 1 & 2, location B-l-1 and 
B-3-1. BuShips plan No. DD692-S5503-12 Alt. 3. 

(b) BuShips Manual requires that fuel oil heaters be 
tested every five (5) years. 

(c) Test steam side of fuel oil heaters to hydrostatic pres- 
sure of iy 2 times designed operating pressure (900 psi) . Test 
oil side to hydrostatic pressure of iy 2 times designated oper- 
ating pressure. 

(d) BuShips Manual, Article 55-103 (2) & (4). 

(e) Ship's force will assist by preparing system for test. 

(f) Ship inspector: Lt. Jones 

Johnson, BTC 

To ensure that all repair items are written up properly 
and none are overlooked, it is imperative that the CSMP be 
kept up to date at all times. 

In the Pacific Fleet, the procedure for submitting routine 
naval shipyard repair requests is somewhat different in de- 
tail. Each item of work is submitted on a separate work re- 
quest form, with sufficient copies. The sheaf of work 
requests is accompanied by a priority list. 
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Procedure for Accomplishing Alterations 

The list of authorized alterations that are to be accom- 
plished at a routine naval shipyard overhaul is prepared by 
BuShips. Approximately 90 days in advance of the ship's 
arrival, BuShips will forward to the shipyard, type com- 
mander, and the ship a list of approved alterations in the 
priority applicable to the individual vessel. Funds, based 
on shipyard estimates, are provided by BuShips. 

Prior to the above procedure, BuShips usually provides 
the type commander with a prospective priority list of alter- 
ations to be accomplished on the ship due for a routine over- 
haul. The type commander may submit, to BuShips, recom- 
mended changes in shipalt priority list. The type com- 
mander usually requests recommendations from the ship 
concerned in regard to the ship alts that should be completed 
during the shipyard overhaul period. 

Shipalt8 marked "ship's force" of "forces afloat" are, as 
a rule, not undertaken by the naval shipyards. 

Naval Shipyard Arrival Conference 

When the ship arrives in the shipyard for a routine over- 
haul, an arrival conference is held. This conference is 
supervised by the planning officer and attended by representa- 
tives from the ship, type commander, naval shipyard plan- 
ning department, and other interested parties. The ship's 
repair request list (which has been studied) and individual 
item costs estimated by the shipyard Planning Department 
are reviewed. When necessary, the details of the repair items 
are discussed and the work to be done is decided upon. 

The limitations of the funds available, by the type com- 
mander, determine to a great extent the amount of repairs 
that will be accomplished during a naval shipyard overhaul 
period. The estimated cost of each repair job, when ap- 
proved at the conference, is added up to give the total cost. 
When the total cost approximately reaches the amount of 
funds appropriated, the shipyard will not accept any more 
repair requests. Under this condition, in case there are 



529 



several additional important jobs that should be accom- 
plished, the type commander must furnish more funds to 
cover these jobs. 

Naval Shipyard Organization 

Included in the naval shipyard organization under the 
control of the shipyard commander are the Planning, Pro- 
duction, Public Works, Supply, Comptroller, Medical, 
Dental, Administrative, Management Planning and Review, 
and Industrial Relations Departments. (See fig. 16-3.) 
The Ordnance Officer, the Electronics Officer, and the Aero- 
nautics Officer are specialist members of the staff of the 
shipyard commander in charge of their respective offices, with 
status comparable to that of Heads of Departments. These 
specialist officers also perform duties as deputies of the 
Planning Officer and the Production Officer. 

Figure 16-3 shows a basic administrative chart of a naval 
shipyard. In considering engineering repairs, the shipyard 
departments of most interest to ship's personnel are the 
Planning and the Production Departments. 

The Planning Department, in accordance with its title, does 
ail the planning in regard to the submitted work requests. 
A certain number of civilian planners, each one a specialist 
in his field, is assigned for the ship. After a certain amount 
of inspection and research has been completed, job orders 
are written up for each approved work request. These job 
orders include such items as instructions and procedures, 
reference plans, information on material and repair parts, 
shops that are to do the work, and the estimated man-hours 
and cost. The planning officer, or his assistant, must ap- 
prove each work request before it is authorized and a job 
order made out and processed. 

The Production Department includes the various shops 
and repair facilities of the naval shipyard. The actual work 
is done by the Production Department. The production 
officer is responsible for seeing that all work issued for ac- 
complishment by the Production Department is accomplished 
within the time allowed and funds allocated, and in accord- 
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ance with applicable instructions and sound engineering 
practice. The Production Department will not accomplish 
any work unless it is authorized to do so, in the form of a job 
order, by the Planning Department, or as directed by the 
shipyard commander. 

Naval Shipyard Shops 

A shop in a naval shipyard is a separate unit assigned cer- 
tain specific work, usually by trades, and manned by quali- 
fied men adept in the type of work assigned. A list of the 
various shops is shown in the following table : 



Shop No. Shop Name 


01 


Supply Shop. 


02 


Transportation Shop. 


03 


Power Plant. 


06 


Central Tool Shop. 


07 


Public Works Shop. 


11 


Shlpfltter Shop. 


17 


Sheetmetal Shop. 


23 


Forge Shop. 


28 


Gas Manufacturing Plant. 


26 


Welding Shop. 


27 


Galvanizing Plant. 


31 


Inside Machine Shop. 


33 


Director Shop. 


35 


Optical Shop. 


36 


Ordnance Shop. 


37 


Electrical Manufacturing Shop. 


38 


Outside Machine Shop. 


41 


Boiler Shop. 


51 


Electric Shop. 


56 


Pipe and Copper Shop. 


61 


Shipwright Shop. 


63 


Joiner Shop. 


64 


Woodworking Shop. 


67 


Electronics Shop. 


68 


Boat Shop. 


71 


Paint Shop. 


72 


Riggers and Laborers Shop. 


74 


Sail Loft. 


81 


Foundry. 


93 


Print Shop. 
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Shop No. Shop Name 

94 Pattern Shop. 

96 Paint Manufacturing Shop. 

97 Ropewalk. 

99 Temporary Service Shop. 

All productive shops in the yard are under the supervision 
of the shop superintendent. Each shop is under the control 
of a civilian, usually a master mechanic. The ratings of 
civilian supervisors in the shops and similar activities are as 
follows : 

Master. 
Foreman. 

Chief Quarterman. 
Quarterman. 
Special Leadingman. 
Leadingman. 
Snapper. 

It is to* your advantage to know the title of the various 
naval shipyard personnel that you come in contact with on 
the various repair jobs. 

Ship's Superintendent 

The ship's superintendent is a naval officer, attached to 
the Production Department of the naval shipyard, and act- 
ing as a liaison officer between the ship and the yard. In 
most yards it is customary to assign one officer as ship's 
superintendent for each ship ; however, conditions may vary 
according to the size of the ship and the number of ships 
present. 

The ship's superintendent is usually on hand at the dock 
« hen the ship arrives and ties up. He checks to make certain 
that the required dock services are promptly furnished. He 
attends the arrival conference and has a list of the ship's 
work items. He has, as a rule, a good knowledge of the re- 
pair work that is to be accomplished on the ship during the 
overhaul period. 

The Ship's Superintendent maintains a close relationship 
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with the ship's officers and key personnel, civilian planners 
assigned to the ship, shop supervisors, supervisors in charge 
of repair details on board ship, and other naval shipyard 
supervisory personnel. When any delays or interferences 
develop on a repair job he can immediately check with the 
responsible yard personnel and obtain detailed information, 
or assist in overcoming any difficulties that may be present. 
The Ship's Superintendent can usually furnish or obtain 
any information on a job that is requested by ship's force. 
He also can keep the ship's key personnel posted on the pro- 
gress of all repair jobs. The Ship's Superintendent is avail- 
able for advice on (1) repair procedures, (2) unsatisfactory 
work by yard personnel, and (3) tests made by the shipyard. 
The primary duty of the Ship's Superintendent is to assist 
the ship's personnel in all matters regarding repair when 
the ship is in the yard. 

Ship's Progressman 

The Ship's Progressman is a civilian, who is assigned to 
the Production Department of the naval shipyard, and who 
maintains a running check on the progress of all naval ship- 
yard work being done on the ship. It is customary to assign 
one progressman to each ship but the number of ship's super- 
intendents will vary in accordance with existing conditions. 

In addition to keeping the Production Department in- 
formed, the Ship's Progressman will keep the ship posted 
on the progress of each job. A good Ship's Progressman, 
especially for a small ship, will perform most of the duties 
assigned to the ship's superintendent. Because of his ex- 
perience and knowledge of the naval shipyard, the Ship's 
Progressman is in a good position to give assistance, advice, 
and information in regard to any repair problems that may 
develop. 

Checking on Progress of Work 

During a routine naval shipyard overhaul period the ship 
lias to submit weekly shipyard progress reports in accordance 
with the type commander's instructions. In order to submit 
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weekly progress reports, as well as for their own information, 
ship's supervisory personnel must keep an accurate check 
on the progress of work at all times. This should include 
ship's force work as well as naval shipyard work. One of 
the best methods of keeping track of the numerous repair 
jobs is by means of a progress chart. This progress chart, 
which can be obtained from the Naval District Printing and 
Publications Office, is filled out and posted. Any number 
of copies can be used as necessary. Usually one is made out 
for naval shipyard repair work, one for alterations, and 
another one for ship's force work. The job order number 
and title are listed in the left-hand columns. The right-hand 
columns are usually marked to show the percentage of com- 
pletion for each job listed. One copy of the progress chart 
is usually posted outside the log room, and kept up to date 
by assigned ship's key personnel. Many ships use the same 
progress chart for tender or repair ship overhaul periods. 

Some naval shipyards hold a weekly repair progress con- 
ference. This conference is attended by ship's representa- 
tives as well as by all interested shipyard activities. Usu- 
ally jobs that are encountering delays or other difficulties 
are discussed. Valuable knowledge and information regard- 
ing the progress of naval shipyard work can be obtained by 
attending these conferences. 

In checking on the progress of a job one should have the 
detailed information of what repair work is to be accom- 
plished. This information can be obtained from the job 
orders that are issued by the Planning Department of the 
yard. The ship receives 3 or more copies of these job orders, 
which are usually delivered by the Ship's Progressman. In 
most cases a complete set of these job orders is kept on clip- 
boards, or file folders, in the log room. 

A copy of the job orders that are applicable to your divi- 
sion is usually kept by your division officer. It is important 
that you understand the details of these job orders before you 
start checking on the progress of the individual repair jobs. 
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Obtaining Additional Repair Jobs 

It may be necessary to prepare supplementary repair lists 
to include items arising subsequent to the submitting of the 
original lists. Additional repairs are sometimes required 
because of recent voyage casualties, or because of conditions 
discovered during shipyard tests and inspections. In sub- 
mitting the supplementary list, the same procedure must be 
followed as for the original list, and the supplements are 
dovetailed into the ship's priority index. 

In the period (approximately 3 months) between the sub- 
mission of the original work lists and the ship's arrival at 
the shipyard there might be some unforeseen difficulties aris- 
ing which will require shipyard repairs. In cases of this 
kind, an added repair list is made out which is called the 
1st supplement. If possible, this should be done prior to 
the ship's arrival at the yard. 

The naval shipyard conducts numerous tests and inspec- 
tions in accordance with an established policy for ship's re- 
quest items. These tests and inspections may bring out some 
unknown repair items. Usually when these initial tests and 
inspections have been completed a supplementary repair list 
is made out to cover such defects as have been found. This 
repair list is called the 1st or 2nd supplement, as the case 
maybe. 

Inspection Duties of Ship's Force 

The inspection of work being done by a repair activity for 
n ship is the responsibility of both the repair activity and 
the ship. The repair activity should require such inspec- 
tions to be made as will ensure the proper execution of the 
work and adherence to prescribed specifications and methods. 
Ship's personnel should make such inspections as may be 
necessary to determine if the work is satisfactory, both dur- 
ing its progress and when completed. The responsible CPO 
should schedule his work in such a manner that he will have 
time to inspect and check the progress of naval shipyard work 
going on in his space, or being .performed on equipment for 
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which he has the responsibility of maintenance and upkeep. 
A check should be made to see if required tests are made by 
the shipyard before the job is considered fully completed. 
The naval shipyard job order will list any tests that have 
to be made by yard personnel. 

In case any unsatisfactory work is being performed by 
shipyard personnel you should follow the instructions put 
out by your engineer officer. Talking it over in a friendly 
manner with the workmen will usually solve your problem ; 
otherwise, you should notify your division officer or engi- 
neer officer, who can take up problems of unsatisfactory 
work with the ship's superintendent. In exceptional cases 
the CO of your ship can take necessary action in accordance 
with Navy Regulations. 

On many ships it is customary for your division officer or 
engineer officer to check with you before he signs a job order 
as being completed. By a continuous inspection of shipyard 
work, and checking off the jobs that have been satisfactorily 
completed, you can furnish the required information without 
unnecessary delays. 

Drydocking the Ship 

The ship is drydocked each time it goes to the naval ship- 
yard for a routine overhaul. The routine procedure is to 
keep the ship in drydock for as short a period as practicable. 
As soon as the necessary work has been completed the ship 
is removed from drvdock. 

Before the ship enters drydock you should check the Ma- 
chinery History and the CSMP to make sure that you have 
the detailed information on the sea valves for which you are 
responsible. It is a good idea to make up a check-off list 
from the ship's blueprint of sea valves in order that no valve 
will be overlooked. In other words, you want to be fully 
prepared to inspect the fireroom sea valves because this work 
should be started as soon as the ship is drydocked. 

A ship entering drydock should be without list and with- 
out excessive trim. Trim in excess of one foot per 100 feet 
of length normally makes the docking operations hazard- 
ous. If practicable, the trim should be brought below this 
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limit before an attempt is made to dock the ship. No weight, 
fuel oil, or water should be shifted, added, or removed while 
the ship is in drydock, unless specifically authorized by the 
docking officer. Any tanks containing water or oil should 
be either full or empty, if practicable. When permission to 
shift weight is given, the responsibility for keeping an ac- 
curate record of the amount and location of the change 
of weights rests with the ship's personnel. Provisions should 
be made to ensure that the ship will lift from the blocks with- 
out taking a list when the drydock is flooded. 

When the ship is in drydock, no fuel oil or other inflam- 
mable liquid should be drained or pumped into the dock. 

When ships are docked in cold or freezing weather, the 
valves, pipes, or similar fittings attached to the shell should 
be examined and any water remaining therein should be 
drained to prevent freezing and possible cracking of the 
fitting. 

Whenever a ship is drydocked all sea valves must be ex- 
amined. The result of the examination must be entered in 
the engineering log. This examination should include the 
condition of the yoke, yoke rods, valve stem, and securing 
bolts, as well as the condition of the internal parts of the 
valve. At least two of the bolts holding outboard valves to 
sea stools should be removed from each valve which is to be 
inspected; the remaining bolts should be sounded with a 
hammer. If defects are found in a bolt, all the bolts for 
that valve should be removed for inspection. Where all bolts 
have been removed, the gasket should be replaced. All neces- 
sary repairs to place sea valves in good condition should be 
made while the ship is in drydock. Openings in the hull 
caused by ships force disassembling sea valves should be 
closed temporarily, at the close of working hours, by re- 
placing the valve bonnets, or by blank-flanging the openings. 
The docking activity is responsible for openings on which 
it is making repairs. At the end of working hours, a 
report should be made to the engineer officer in regard to 
the status of all sea valves. The same information should 
be entered in the engineering log. 
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Before the drydock is flooded, all sea valves must be care- 
fully inspected to ensure that they are properly secured. 
The result of this inspection should be reported to the en- 
gineer officer and entered in the engineering log. 

While the drydock is being flooded, there must be a con- 
tinuous inspection of sea valves until the ship is afloat and 
all valves are under a normal working head of water. Any 
unsatisfactory conditions must be reported at once to the 
engineer officer so that the docking officer can be notified. 
A report of leakage must be made in sufficient time so that 
the docking officer can stop flooding, if necessary, before the 
ship lifts from the supporting blocks. 

Dock Trial 

A dock trial is held whenever major repairs have been 
made by a naval shipyard on propulsion machinery. The 
trial is usually held as a precautionary procedure at the 
completion of a routine naval shipyard overhaul period. 

To prevent delays or interference with the testing of the 
main engines and associated equipment, all auxiliary ma- 
chinery should be tested at least one day prior to the dock 
trial. 

The ship's engineering personnel, under the direction of 
the engineer officer, should make such tests of boilers and 
machinery, with the ship properly secured to the dock, as 
will enable them to ascertain their condition and readiness 
for operation at sea. Sufficient inspections and tests should 
be made to ensure that the machinery and equipment have 
been properly repaired and are in good operating condition. 
Any defect, deficiency, or maladjustment will have to be 
corrected either by ship's force or the shipyard. When 
necessary, the dock trial should be repeated until conditions 
are satisfactory. 

SUMMARY 

The basic difference between repair ships and tenders is 
one of function. Repair ships are primarily concerned with 
maintenance, in support of various types of vessels; tenders. 
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on the other hand, support in all respects the specific types 
of ships to which they are assigned. 

• When a vessel requires outside repair assistance, the ves- 
sel's type commander — or task force commander in some 
cases — assigns the vessel an availability at a repair activity. 
An availability indicates that the ship is available at a re- 
pair activity for repair, overhaul, and/or alteration. 

Ships, like machines and equipment, can operate only a 
certain length of time without repairs. To keep them in 
prime condition, definite intervals of time must be allotted 
for their overhaul and repair. In spite of regular mainte- 
nance procedures, accidents and derangements will occur, 
necessitating emergency repair work. Repairs within the 
capabilities of the ship's force are accomplished by the ship's 
force. However, when repairs cannot be accomplished by 
the ship's force, aid must be obtained from a repair activity 
afloat or ashore. 

Material upkeep should be given constant attention. De- 
fects and deficiencies within the capacity of the ship's force 
to correct should be repaired as soon as possible after dis- 
covery. Repairs beyond the capacity of the ship's force to 
accomplish, and ship's force items that cannot be undertaken 
immediately, should be recorded in the CSMP, for early 
accomplishment. 

Whenever it becomes necessary to repair shipboard ma- 
chinery at a naval shipyard, the MMl or C will be responsible 
for the preparation of job orders and data pertaining to 
work which is to be accomplished. During a naval shipyard 
overhaul, the MMl or C is responsible for the necessary in- 
spections to determine if the work is satisfactory, while in 
progress and when completed. In turn he furnishes the en- 
gineer or division officer with detailed information of the 
work being performed by the naval shipyard. In addition, 
the MMl or C is responsible for seeing that the shipboard 
equipment or machinery to be repaired is properly disas- 
sembled and delivered to the repair activity, picked up, and 
returned to the ship after the work has been completed. The 
petty officer concerned is also responsible for approving, re- 
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installing, and testing the machinery and/or equipment after 
it has been repaired. 

QUIZ 

1. What is the fundamental difference between a repair and a tender, 
with respect to the kind of support which each vessel gives to the 
ships assigned? 

2. Which modern repair ship is designed to meet the maintenance 
requirements for capital ships? 

3. What is the primary responsibility of a repair officer aboard a 
repair ship or tender? 

4 Who is generally responsible for handling the Internal adminis- 
tration of the repair department? 

5. Who is responsible for the adequacy and readiness of underwater 
tools and associated rigging equipment? 

6. Requests for alterations concerning propulsion machinery origi- 
nate from what three sources? 

7. What kind of alterations require the approval of GNO? 

8. What information is supplied by the two serial numbers follow- 
ing the word "shipalt"? 

9. When worn-out or damaged parts are replaced by approved parts 
of later design, what type of maintenance work is involved? 

10. Where are copies of the alteration list found aboard ship? 

11. A ship scheduled for routine overhaul will normally be alongside 
a tender or repair ship for how long a period? 

12. When is an availability at a repair activity assigned to a vessel? 

13. What type of availability would be granted for accomplishment of 
specific items of repair work by a repair activity, with the ship 
present? 

14. A technical availability is granted under what conditions? 

15. When does a work request become a job order? 

16. If a repair job has been designated by the ship or approved by 
the repair activity, as "Ship-To-Shop" job, who will do most of 
the repair work? 

17. What are the basic reasons for checking progress of a repair job 
in a tender shop? 

18. Who fills out work requests? 

19. What is the purpose of preventive maintenance? 

20. What is the purpose of periodic check-off lists aboard ship ? 

21. Who authorizes funds for the repair of ships at a shore-based 
repair activity? 

22. What Is a home yard? 

23. now many days prior to a scheduled regular overhaul, at a naval 
shipyard, must commanding officers submit their naval shipyard 
work lists to the type commander? 



541 



24. In order that all repair items are written up properly and none 
are overlooked by ship's personnel, what record should be kept 
up to date at all times? 

25. Who prepares tfce list of authorized alterations that are to be 
accomplished at a routine naval shipyard overhaul? 

26. Which 8 hip alts are generally not undertaken by naval shipyards? 

27. Who supervises a naval shipyard arrival conference? 

2H. At a naval shipyard, who is responsible for approving each work 
request before it is authorized and processed? 

29. The ship's superintendent at a naval shipyard is available for 
advice on what issues? 

30. In general, who delivers copies of naval shipyard job orders to 
the ship? 

31. Under normal conditions, when is a ship dry docked ? 

32. What should be done before a ship enters the drydock? 

33. What will the inspection of sea valves include when a ship is 
drydocked? 

34. When is a dock trial required to be held at a naval shipyard? 
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CHAPTER 




ENGINEERING MATERIALS AND SUPPLIES 

Materials and supplies are of vital importance to the suc- 
cessful operation of the engineering department. Adequate 
quantities of general repair materials and repair parts for 
items of engineering spaces equipment are the responsibility 
of both the engineering department and the supply depart- 
ment. The duties of the supply officer are to procure, re- 
ceive, stow, issue, and account for all types of stores involved 
in the support of the ship ; however, engineering department 
personnel must take the initiative to keep abreast or ahead 
of usage. Repair experience, advance planning, and care- 
ful use of stocks are all necessary elements in avoiding costly 
and embarrassing delays in completing a job. 

The supply officer keeps his stock in various supply depart- 
ment storerooms from which the material may be drawn. 
The engineering department also has storerooms for issu- 
ing items which are drawn in small quantities — i. e., the 
ship has both wholesale and retail storerooms. Material in 
the engineering department storerooms is charged against 
the department allotment when it is originally drawn from 
the supply department storerooms or a supply activity 
ashore. 

CLASSES OF MATERIAL 

In general, there are three classes of material : General 
Stores Material, BuShips Controlled Material, and BuShips 
repair parts. 
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General Stores Material 

General Stores Material (GrSM) is that material listed in 
the General Stores Section of the Catalog of Navy Material. 
In general, BuSftndA has complete inventory control over 
standard stock items. However, BuShips, by mutual agree- 
ment with BuSandA, exercises through BuSandA certain 
temporary controls over procurement, distribution, and/or 
issue of items for the exclusive use of BuShips, where such 
arrangements will better serve the forces afloat and BuShips. 
General stores materials are usually the consumable supplies 
carried in stock for maintenance and operating purposes; 
they generally do not include nonconsumable equipment or 
repair parts for this equipment. 

Classification and Cataloging 

In order to systematize the large range of materials used 
aboard ship, stocks are arbitrarily divided into classes. 
Designations have been made for 99 classes, of which the fol- 
lowing are examples: class 17, electrical equipment; class 33, 
gaskets, packing hose and fittings, rubber, and plastics; 
class 39, lumber; class 43, bolts, nuts, rivets, screws, and 
washers; class 60, steam propulsion apparatus, heat trans- 
fer equipment, and nonelectric power transmission equip- 
ment. Each item has a stock number, the first two numbers 
being the class number. All general stores items are listed in 
the General Stores Section of the Catalog of Navy Material, 
published by BuSandA. Other stock items are listed in 
various sections of the Catalog of Navy Material, or in vari- 
ous repair parts lists, stock lists, etc., published by the Bu- 
reaus or by the Supply Demand Control Points which main- 
tain inventory control over various categories of material 
used by the Navy. 

In the near future, invoices and boxes will be received 
under a new stock numbering system, consisting of a 4-digit 
Federal class and a 7-digit number ; for example, 1234-567- 
8910. Your supply officer will have been informed of the 
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significance of this change, and can tell you how it will 
eventually affect the supply system afloat. 

BuShipt Controlled Material 

Machinery or equipment intended primarily for shipboard 
use is under the control of BuShips and is referred to as 
BuShips Controlled Material. In general, BuShips Con- 
trolled Material consists of items of permanent (nonconsum- 
able) shipboard equipment (in most cases shown on ship's 
general arrangement drawings or working plans) requiring 
installation arrangements such as special power leads, piping 
connections, or foundations. Under normal circumstances, 
such material is not removed from storage without direct 
permission of BuShips. 

Because of the nature of BuShips Controlled Material, it 
is difficult, in a brief discussion, to draw a sharp line of 
demarcation between an item in this class of material and 
repair parts for such an item. There are bound to be border- 
line cases. In order to clarify these cases, the BuShips Ma- 
terial Directory and Requisitioning Guide, NavShips 250- 
560, lists such repair parts: items such as turbine blading, 
propulsion reciprocating engine crankshafts, turbine rotors, 
etc. (Complete sets of repair parts for items of BuShips 
Controlled Material are classified as BuShips Controlled 
Material when in store.) 

BuShipt Repair Parts 

The third class of material is BuShips repair parts. These 
are items such as parts, fittings, or accessories of equipment 
which is BuShips Special Material. In order to control these 
parts properly, BuShips and BuSandA have established sup- 
ply demand control points (SDCP), to check the inventory 
control of BuShips Repair Parts. BuShips repair parts are 
under the inventory control of the Ships Parts Control Cen- 
ter, Mechanicsburg, Pa. ; the Submarine Supply Office, Phil- 
adelphia, Pa. ; and the Electronics Supply Office, Great Lakes, 
111. Each SDCP has its own distribution system, consisting 
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of primary, secondary, and reserve stock points. These dis- 
tribution points carry the repair parts required for the sup- 
port of the fleet units. 

BuShips repair parts are generally defined as those parts 
and assemblies which are wearable, expendable, and replace- 
able during normal repair. The BuShips allowance list in- 
dicates the repair parts (except electronics) authorized and 
required to be on board. 

tapcrir Parts 

On board, repair parts are essential replacement items car- 
ried by every ship, as specified in the ship's allowance lists. 
Repair parts are frequently used by the ship's force and by 
the repair ship in repair work for the ship carrying them. 
However, tenders carry tender stocks of repair parts for the 
type ships tended. Some repair parts are stocked ashore 
only since industrial assistance may be required to install 
them. Others are not carried in stock, because there is little 
likelihood that they will be needed, or because they can be 
fabricated by forces afloat, tenders, or shipyards. 

Custody of Equipment. On large ships the supply officer 
has custody of all on-board repair parts in drawer and shelf 
stowage (Supply Department Storerooms) and should have 
custody of all machinery repair parts boxes. In this case 
the supply department will have control of machinery repair 
parts. Where suitable space for the consolidated stowage of 
repair parts boxes is not available for assignment to the 
supply officer, the various department heads will be required 
to assume the custody of repair parts boxes until a bin-drawer 
stowage system is installed. 

For the assignment of custody and maintenance of repair 
parts boxes on small ships, two different methods are com- 
monly used. In one case, a leading petty officer has the 
custody and maintenance of all repair parts for the engineer- 
ing department. He is assisted by a man from each division 
or gang. The other method commonly used is - to assign the 
custody and maintenance of repair parts to the CPO or the 
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leading petty officer in charge of machinery for which repair 
parts are provided. 

Equipage is a term applied to certain categories of portable 
and semiportable materials which are necessary to a ship if 
it is to properly carry out its mission. Equipage is further 
divided into items requiring custodial signature and items 
for which it is necessary only to keep a stock record. 

The engineering department is responsible for signing 
equipage custody records for the following material : 

1. BuShips material (including special tools) that is 
designated as "Expenditure Account, Series 12,000." ( Series 
12,000 was formerly designated Title B.) 

2. Boxed sets of repair parts and independent repair 
parts designated "Expenditure Account, Series 12,000." 

The supply department maintains an equipage stock card 
and custody record (Sand A Form 306) for accountable items 
of material. Every receipt and expenditure of this equi- 
page by the engineering department is recorded on the stock 
card. When the engineering department has been given 
actual custody of equipage, a duplicate card form, the Equi- 
page Custody Record (Sand A Form 306a) is provided. 
These cards are generally signed by petty officers to whom 
the custody is delegated. These actual custodians of the 
equipage are usually furnished with carbon copies of each 
custody record they have signed. Where applicable, tempo- 
rary transfers of equipage and custody to individual men in 
the engineering spaces are acknowledged by a signed receipt. 

All equipage should be inventoried once a year. The in- 
ventory should be completed within the third quarter of the 
fiscal year, and within 30 days after the date it is started. For 
the purpose of annual equipage inventory, repair parts 
should be inventoried only by sets and independent repair 
parts. (Expenditure Account, Series 12,000.) 

Any shortages found to exist during the course of an in- 
ventory check should be covered by requests for survey, 
listing any facts available as to the cause of the loss. Items 
found to be unserviceable should not be reported as "on 
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hand" but should be repaired or covered by requests for 
survey. 

An officer relieving another as head of the engineering 
department should have an inventory made of all equipage 
in the custody of his department. The relieving depart- 
ment head should then sign the original supply department 
equipage stock cards, thus acknowledging the receipt of the 
equipage concerned. Within 20 days after taking charge, 
the incoming officer should complete the inventory. 

Petty officers who are custodians of equipage should hold 
an inventory with their individual reliefs when they are 
being relieved or transferred. The relieving petty officer, 
upon completing a satisfactory inventory, should sign the 
custody cards concerned. 

Inventory of Repair Parts. At the beginning of a fiscal 
year, the head of each department having custody of ma- 
chinery repair parts will submit to the CO a schedule for the 
inventory of repair parts. This schedule should indicate 
the dates during which the particular allowance group or 
subgroup inventory will be made. At least once during the 
fiscal year, a practical and realistic schedule should be pro- 
vided for the inventory of each machinery repair part item. 
On 30 June of each year, each department head will submit 
a memorandum to the CO, stating that the inventory has been 
completed. In case the inventory has not been completed, 
an explanation, along with the date of probable completion, 
must be submitted. 

The annual inventory of repair parts must be planned in 
advance and an orderly schedule followed. Requisitions 
must be made out for any deficiencies found during the in- 
ventory check. A record of the inventory, and the name of 
the person making it, is maintained. 

Control and Issue. When the department head has 
custody of repair parts he is responsible for the control and 
issuance of these numerous items. As soon as a repair part 
is issued or used, the custodian should make out a stub requi- 
sition for a replacement. The original and a duplicate of a 
Request for Repair Parts (SandA Form 302) should be at- 
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tached to this stub requisition. This form, along with the 
stub requisition, will be submitted to the supply officer for 
the preparation of a replacement requisition, and for 
retention with the stub requisition, and will be used to charge 
the ship's (or department's) allotment upon the receipt of 
the replaced part. The duplicate of the SandA Form 302 
should be kept with the set of repair parts to which it per- 
tains or else filed as directed by the engineer officer. 

Approval of the engineer officer is necessary before any 
repair parts under his custody may be transferred to another 
ship. The engineer officer should consult the supply officer 
and the CO on questions concerning the transferring of re- 
pair parts. This procedure does not apply to supply ships 
or tenders. 

When installed machinery is to be removed from the ship, 
all repair parts pertaining to that machinery should also be 
removed from the ship. In cases where repair parts of the 
removed machinery can be used on board ship, special in- 
structions are generally issued regarding their retention and 
disposition. 

Machine parts which are worn out or damaged in use 
need not be surveyed when replaced by individual repair 
parts. Surveys of major repair parts should be made when 
these parts have been damaged or lost before being issued. 
A copy of the survey form, or a notation as to the survey 
made, should be included with the replacement requisition. 

Procurement. On large ships, where the supply officer 
has custody of boxed repair parts, procurement action for 
replacement will be initiated upon receipt of the stub requi- 
sition (SandA Form 307) from the repair parts storeroom 
keeper. 

Aboard a small ship, repair parts are under the custody 
of the engineer officer; supply action is initiated upon re- 
ceipt of a stub requisition signed by the engineer officer. 
If necessary, a Request for Repair Parts (SandA Form 302) 
should be completed with all the essential data. This data 
may be obtained from the Machinery Index. However, the 
name of the repair part, or piece number, the unit of quan- 
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tity, and similar information can be obtained from the al- 
lowance list, from the repair parts box packing list, or from 
the manufacturer's instruction book. 

The requisition should also include the allowance list 
group, page, and line number for each repair part requested. 
The effective date of the allowance list page (found in the 
lower left corner) should also be indicated on the requi- 
sition. 

Requisitions should also show the current standard Navy 
stock number as reflected in the Master Cross Reference 
Listings, Allowance Lists, Repair Parts Lists, or any other 
available source of standard Navy stock numbers. If no 
standard Navy stock number is available, all name-plate 
data and similar information which would enable interpre- 
tation into a standard Navy stock number should be listed. 
These requests must bear realistic deadline delivery dates 
and priority assignment (including justification), and they B 
are to be submitted via channels as prescribed by the cogni- 
zant Fleet Command. 

Receipt and Inspection. When repair parts to be kept 
under the custody of the engineering department are re- 
ceived aboard ship, they should be issued directly on receipt. 
When these repair parts are issued to the ship, a representa- 
tive of the engineering department (usually a designated 
petty officer, or a storeroom keeper) will receive the material 
and sign the receipt invoice. The signed invoice is for- 
warded to the supply officer by the storekeeper of the supply 
department, who is in charge of receiving stores aboard ship. 
The engineering department representative who receives the 
material should carefully check the repair parts against the 
invoice, to ensure that the material is that requested, and 
that the number of items is correct. In addition, he should 
check the material for any damage which might have oc- 
curred during shipment. 

If repair parts are kept in the custody of the supply de- 
partment, inspection of those parts on receipt may be per- 
formed by the repair parts storekeeper. If the storekeeper 
is not technically qualified to perform this inspection, tech- 
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nical personnel from the department concerned should be 
assigned to assist in the identification and inspection of the 
repair parts in question. If repair parts received on board 
ship are wrapped in a protective coating, this coating should 
not be disturbed unless there is inaccurate or insufficient in- 
formation on the label of the wrapper. A new repair part 
should be labeled or tagged, if necessary, and placed in its 
proper bin or box. The repair parts records should be kept 
up to date. 

On board ships where repair parts are under the custody 
of the engineering department, the inspection and identifica- 
tion of repair parts must be performed by engineering per- 
sonnel, usually a leading petty officer. 

When material is received aboard ship, it usually is identi- 
fied with a Standard Navy Supply Number (SNSN). En- 
gineering department personnel should list this stock num- 
ber opposite the item on the allowance list; this will save 
time and trouble in future ordering. 

Stowage. Whenever possible, repair parts should be 
stowed in special storerooms, giving consideration to security 
and ease of handling. On small ships where it is imprac- 
ticable to stow repair parts boxes in storerooms, the boxes 
are generally located in the same space as, or near, the ma- 
chinery to which they pertain. In this case the repair parts 
boxes are placed in specially made brackets, usually on 
bulkheads. 

Where the supply department has custody of repair parts, 
special storerooms are now provided on board ship. These 
new type storerooms have a large number of bins and 
drawers for individual stowage of repair part items. Bin 
stowage is the most recent technique in the stowage of Navy 
technical repair parts. Inasmuch as this type of stowage has 
a considerable number of advantages over repair part box 
stowage, most tenders and large vessels are being converted 
from repair part boxes to bins. The savings in space and 
weight realized through the elimination of the repair parts 
boxes and of the duplication of repair parts have proved 
so effective that eventually all vessels will be converted to 
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bin stowage. It is interesting to note that the new DL class 
destroyers have bin and drawer stowage for repair parts. 

The department having custody of the repair parts boxes, 
or individual repair parts, is responsible for ensuring maxi- 
mum protection of the parts. Repair parts boxes should be 
properly secured in brackets or bins. The contents of each 
box should be protected against undue motion. On units 
such as complete pump rotors the wearing rings, or other 
loose items, should be properly secured to prevent motion, 
with resultant wear or damage to the parts. 

It may become necessary to relocate repair parts boxes that 
are located in unfavorable places. Inspections should be 
made to see that boxes are not located in damp or wet places, 
in places where it is excessively hot, or in places where there 
is a possibility of damage to the box and its contents. 

If practicable, repair parts packed in wooden boxes should 
be removed and placed in bins, or the wooden box should be 
replaced by a metal box. Where necessary, a work request 
can be made out for the manufacture of a sheet metal box. 

On small ships where repair parts boxes are located 
throughout the ship, it is customary to place padlocks on 
all boxes to prevent the contents from being disturbed by 
unauthorized personnel. One set of keys is kept by the cus- 
todian of the repair parts boxes ; another set of keys is kept 
in the log room. All keys have identification tags attached 
to them. 

Records of Locations. On small ships where repair parts 
boxes and individual repair parts are under the custody of 
the engineering departments, the repair parts boxes are found 
throughout the ship. Therefore it is necessary to use a mas- 
ter locator system so that a specific repair part, or repair 
part box, can be located without unnecessary delay. Differ- 
ent systems may be used, but a complete, accurate, and up-to- 
date record must be maintained. The MM1 or C should know 
how to locate repair parts on his ship. 

Procedures commonly used to locate repair parts and re- 
pair parts boxes on board ship are as follows : 

1. Repair parts boxes are identified by stamped or sten- 



552 



ciled data, giving the number of the box and the name of 
machine or equipment for which the parts are supplied. 
The identifying number is a composite one, containing the 
letter "S" and two sets of numbers. For example, if a box is 
numbered S47-16, the number 47, in accordance with the 
Navy material filing system, will indicate that the box con- 
tains repair parts for a pump. The number 16 will indicate 
that it is the 16th box of repair parts for pumps. The let- 
ters or name on the box will indicate the type of pump. 
Care should be taken to see that your men do not remove 
or paint over the identification data on a repair parts box. 

2. When a new ship is placed in commission, the building 
yard usually furnishes the ship with a master stowage list 
of all repair parts boxes. This stowage list has several 
columns — box number, title (name of parent machine or 
unit), size of box, weight of box, and location of box (com- 
partment, athwartship location, and frame number). An 
indication as to whether the parts are electrical, mechanical, 
or both, may be made under the title column. This master 
stowage list of repair parts boxes must be kept up to date. 

3. Each repair parts box is provided with a packing list, 
usually attached to the inside of the box cover. This list 
itemizes all repair parts in the box; in addition, it usually 
carries the tag numbers, so that each item can be readily 
identified. 

4. Ships, when placed in commission, are usually pro- 
vided with a master list of the repair parts which are stowed 
in each box. This master list is made up of a duplicate copy 
of the packing list for each repair parts box on board ship. 
The box numbers appear on the list in numerical order. The 
location of the particular box is entered on the top of the 
front page of each individual copy of the packing list. 
When a repair parts box is moved from one location to an- 
other, all records must be promptly corrected to show the 
new location. 

5. The manufacturer's instruction book for a piece of 
equipment carries a list of repair parts, usually in the back 
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of the book. The identification numbers and the names are 
given for each part listed. 

6. BuShips allowance lists contain a list of repair parts, 
special tools, and accessories for each unit of machinery and 
equipment. 

7. The individual repair parts in a box usually have tags 
attached, or are labeled on the outside of the wrapping paper. 
This method of tagging provides a simple means of identifi- 
cation and is especially useful when inventory checks must 
be made. This method of identification should be followed 
when new replacement parts are placed in the box. 

8. Kepair parts are sometimes furnished without boxes. 
Identification tags should be attached to small items placed 
in the engineer's storeroom. Identification numbers should 
be stenciled on large items, such as turbine lifting gear. 
Shipping tags may also be attached to such items. 

9. To aid in keeping repair parts boxes in their proper 
place, the box number is generally stenciled on the box re- 
ceiving bracket or on the bulkhead behind the box. 

10. In cases where leading petty officers have custody of 
repair parts for their division or space, appropriate duplicate 
box stowage and packing lists are usually provided. These 
leading petty officers should see that the lists are kept up to 
date and that any corrections made are entered on the master 
lists, 

Storerooms 

The importance of correct stowage should not be under- 
estimated. Storerooms should be arranged and maintained 
to permit maximum stowage capacity, access to all stores, 
preservation and orderly arrangement of stores, and security 
and safety of stores. 

Maintaining good order is largely a personal matter. You 
should take pride in keeping a storeroom neat, clean, and in 
good condition. This applies particularly to small parts 
where orderliness is essential because you must be able to 
find, when needed, a large number of small items — packing, 
gaskets, studs, washers, nuts, bolts, screws, etc. 
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In supervising an engineering storeroom, consideration 
should be given to the following factors : 

1. Stowage of material should be neat and orderly. 

2. Bins and shelves should be numbered. 

3. Material should be identified by means of label cards 
for each bin, or by means of shipping tags attached to the 
material. 

4. In addition to the name, size, and other information, 
the label card should contain the stock number for reordering 
purposes. 

5. Stock tally cards should be maintained for all items in 
the storerooms. 

6. Material should be properly identified when placed in 
the storeroom. 

7. Material should be preserved against rust and 
corrosion. 

8. Care must be taken, with many items, to provide proper 
stowage in order to prevent damage of items. 

9. Bins and shelves should have bars, plates, or other 
means of keeping material in the bins, in order that the store- 
room can be properly secured for sea. 

10. In accordance with requirements, a careful selection 
should be made of the type and amount of material to be kept 
in the storeroom. 

11. It is necessary to have a good system of stocking and 
reordering material, in order to have material on hand at all 
times. 

12. Care should be taken to see that accountable items such 
as gages and thermometers are properly issued, and that re- 
placements are promptly obtained. 

13. Defective, worn-out, or obsolete items should not be 
kept in the storeroom. When necessary, such items should 
be surveyed and replaced with new ones. 

14. A CPO or MM1, assigned to supervise a storeroom, 
should instruct the personnel on proper storeroom operation 
and maintenance procedures. Inspections should be made to 
see that everything is in order. 
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15. A CPO should see that personnel in a storeroom ren- 
der satisfactory services and cooperate with personnel from 
other engineering spaces. 

BuShips Allowance List 

BuShips furnishes each ship with a set of allowance lists. 
The allowance list is the official source which contains the 
allowance of machinery, equipment, and material for a ship. 
A detailed description of the Allowance Lists will not be 
given in this chapter. Therefore, personnel concerned should 
carefully study their ship's allowance list, if they are not 
already familiar with it. 

The Ship's Allowance List is divided into "S" groups, 
based on the Navy filing system, in the same way that 
BuShips Manual is divided into chapters. (For example, 
group S41 would refer to propulsion machinery and group 
S47 would be for pumps.) On the top of each page the 
major unit of machinery or equipment is listed. This is fol- 
lowed by the major component parts of the unit, and an 
itemized list of accessories (if any), special tools, and repair 
parte. Shore-based repair parts are also listed for some of 
the major units of machinery or equipment. 




Figwr* 17-1. — SampU stub r*quiiltlon. 
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REQUISITIONING MATERIAL 



When the material classification and the identification of 
the required repair parts is known, the next step is the process 
of requisitioning such parts. Figures 17-1, 17-2, and 17-3 
show the principal forms used in the process. 

The stub requisition, or Form 307, is used for any type of 
material — GSM items such as packing, gaskets, bolts, or hand 
tools, as well as for repair parts. Each division has its own 
book of stubs which is used as required for necessary sup- 
plies. The division officer initials the requisition and the 
engineer officer is the authorizing officer. 

If the item required is a repair part which is not standard 






^5rll §kmW »V1 










inr 








mm 








mm 






















Iwm nMnlMMl 




»■». — « yak 



I »/»/» 



Hfwr* 17-2. — Sampl* requisition for repair ports. 

357 



LST904/1030/S1 



SS'). NSC, Norfolk. Va. 



JMJaV 



rrr— — — 

(WO**) LST 904 



I to Supply Offloar, 
OB8 L9T 90* 



7/I8/S2 



3hlD> 



• OHIUtTIOH CN**MUll 

1731601.21 SI. FN Allot 61Z/L 



Priority C I November |?fj 



■ I^IMOrTUMI ACCOUNT 

12621 



Rrq. L3T9C4/10BO/53 

RP Rc/ S >/l I 



DDD atttTne 1 to meet operating schedule of this vessel 



Fart lo. 



10 



ROTOR B0TJB HO 



In: 



Da Laval Turbine Driven Rotary fua 
Manufactured by: 

Da Laval Steaa Turl 
Tranton, Haw 



Wo. 

011 ! 



S« rvloa Pi ap 



Jtorefy 

Pan Data: 
Serial Wo. 2*1*58 
KTrt De« Wo. SG-1957 
B.H.P. It.* 
Tyoa Wo. Vert leal, Claee M-l 
Wary Ba* Wo. LST66*-S- 5501-50 



lne Con oany 



R.P.M. 
0.P.M, 
Steaa 
Turbli 
Contract 
Dated 



trm 



573 
50 
575 
01* 



Ml 



Seotlonal Alagraa of puwp shovn In 
Db Laval Inatruotlona Wo. U85. 

Am ahoen In Machinery Allowance Lli 
Line 25 



Fig. 3 
t Part 



aeure 

SneeA 

Wo. L3Tt)6*.C40]l6l 

10/19A2 



I, Grou; 



S55, P«S U 



Wo other raqulaltlona for thla ltan outet* ndlng 



Important : Vcaael thall include only itemi 
jg Mock m%m » on thu form. 



1 



Figure 17—3. — Sample requisition and invoice. 



stock, the identifying data must be shown on NavSandA 
Form 302 (fig. 17-2). The supply officer must be furnished 
accurate and complete information concerning the desired 
part. 

The supply officer prepares and sends out the requisition 
form (fig. 17-3). If there is insufficient time for routine 
handling of an emergency requisition, a dispatch is sent to 
a supply activity. 

The requisition priority classifications currently used are 
as follows : 

558 



Priority A : Emergency ; this classification is used when a 
vessel in the forward area is inoperative or immobile because 
of the lack of the part requested. 

Priority B : Overhaul ; this classification is used for a re- 
quest for repair parts for vessels undergoing or immediately 
scheduled for overhaul. 

Priority C : Ship allowances ; this classification is used to 
fill shortages or make replenishments of parts stocked. 
Priority C is assigned automatically when no priority is 
specified. 

BuShips Material Directory and Requisitioning GulcU 

General instructions governing all supply activities initiat- 
ing requests for BuShips material are found in BuShips 
Material Directory and Requisitioning Guide, NavShips 
250-550. This publication defines the class and cognizance 
of material used by BuShips and outlines the proper requisi- 
tioning procedure for each part. In addition, BuSandA 
Manual and the type commander's instructions contain spe- 
cific, detailed information on the procedure for submitting 
requests. 

Except in emergencies, BuShips Controlled Material may 
be purchased only by the Bureau or with the specific approval 
of BuShips. 

Net ln-Exc«ss Requisitions 

Responsibility for the statement on any ship's requisition 
that material is not in-excess of allowance rests with the CO 
of the requisitioning ship. 

NavSandA Form 43, or the Not In-Excess Requisition, is 
used when ordering the following : 

1. Equipage on a ship's allowance list not in greater quan- 
tity than necessary to bring the amount on hand and on order 
up to full allowance (expenditure account in the 12000 
series). 

2. Consumable material listed in the Catalog of Navy 
Material or ship allowance lists, or items which for the re- 
quiring ships are comparable in end use to any items so 
listed (expenditure account in the 13000 series). 
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3. Material required for immediate expenditure for re- 
pairs or alterations, or to replace materials so expended. 

In-Excftss Requisitions 

An In-Excess Requisition (NavSandA Form 44) must be 
used for any item of equipage which is not listed in the requi- 
sitioning ship's allowance list. This requisition form must 
also be used in ordering material that is on the requisitioning 
ship's allowance list, if the material is being ordered in such 
quantity as to place on board an amount in excess of that 
authorized by the ship's allowance list. 

The requisitioning ship is responsible for obtaining all 
necessary approval regarding its own "in-excess" requisitions. 

SURVEYS 

One of the administrative duties of a CPO or MM1 will 
be to see that all material for which he is responsible is in 
good condition and on board ship. If the condition of any 
accountable material or equipment is unsatisfactory, imme- 
diate steps should be taken to initiate appropriate action to 
survey and replace the material. Since he may be required 
to make out a rough copy of the survey request form, he 
should become familiar with the survey procedure. 

The survey procedure usually consists of the following 
steps : 

1. Request for survey 

2. Action by the CO on the request for survey 

3. Preparation of the Survey Report 

4. Action by the reviewing officer (normally the CO) 
on the survey report 

5. Expenditure of material from the records on which 
carried, when recommended by the survey report and ap- 
proved by the reviewing officer 

Each of the preceding steps will be discussed in the fol- 
lowing paragraphs. The survey routing procedure as set 
forth in the following discussion is to be considered as a 
guide and not as a specific procedure from which there will 
be no deviation. 
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Request for Survey 



The survey request may be originated by officers and lead- 
ing petty officers of the engineering department, with the 
approval of the engineer officer. Normally, the request orig- 
inates in the division of the department having custody 
of the material or equipment to be surveyed. 

The initial survey request should be made in rough, on a 
survey form known as Survey Request, Report, and Expendi- 
ture (SandA Form 154). The initial survey request is shown 
in figure 17-4. The originator must include on or attach to 
the initial survey request a statement regarding the follow- 
ing: 

L Condition of the material 

2. Cause or condition surrounding the loss, damage, de- 
terioration, or obsolescence of the material 

3. Responsibility for the cause or condition if such can be 
determined, or the reason why the responsibility cannot be 
determined 

"** \SHTtST um SURVEY request, report, amd expenditure 
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Figure 1 7-4 — The initial survey request. 
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4. Recommended disposition of the material and the action 
to be taken 

The description of the material should be as complete as 
humanly possible and should include serial numbers of the 
items involved, if applicable. Where the respective items 
are listed in the BuShips Allowance List, the group, page, 
and line numbers should be given. When applicable, any 
reference to BuShips Manual or other directives should be 
given in the initial survey request. This initial survey re- 
quest should not be considered as the survey report, but as a 
guide to the CO in determining the type of survey (formal 
or informal) to be held. The initial request will also serve 
as an aid to the surveying officer, board, or department head, 
in the preparation of the survey report, in cases where the 
same survey form is used. 

When the initial rough survey request has been approved 
by the engineer officer, it is forwarded to the supply office. 
The smooth survey request will be prepared by designated 
personnel in the supply office. Additional information from 
the supply department records will be noted (appropriation 
number, account number, date and source from which the 
material was received, and the value at which the material 
is carried) . \ 

The statement of the opinion of the originator, relative to 
the condition, cause, responsibility, and recommendation, 
will not be typed on the smooth survey report. However, 
this survey will be appended to the original of the smooth i 
survey request and will be labeled "Originator's Statement" 
This will prevent confusion with the survey report as pre- 1 
pared by the designated surveying officer, board, or depart- 
ment head. After the smooth survey request is prepared, 
it is forwarded to the CO, or to his representative, for action. 

Action by CO 

Upon receipt of the smooth survey request, the CO or his 
representative will determine whether a formal or an infor- 
mal survey is appropriate. In case of formal surveys, the 
smooth survey request will be forwarded to the surveying 



officer or board. In the case of informal surveys, the smooth 
survey request will be forwarded to the department head 
having custody of the material to be surveyed. 

Preparation of the Survey Report 

The surveying officer, board, or head of department should 
make a thorough inspection of the material being surveyed, 
in order to determine the condition of the material. If the 
material is missing, a thorough examination of the circum- 
stances surrounding the loss should be made and responsi- 
bility should be determined. If the cause and responsibility 
cannot be determined, an accurate and clear explanation 
should be made. Full information should be given in the 
report section of the survey request form, including the 
specific findings as to condition, cause, responsibility, and 
disposition. All pertinent information should be given to 
the surveying officer, board, or head of department, by per- 
sons concerned with the material under survey. The disposi- 
tion of material should be in accordance with current direc- 
tives and BuSandA Manual. 

Action by the Reviewing Officer 

After action by the surveying officer or board, the survey 
report will be submitted for review to the CO, or to the 
officer ordering the survey (if the survey was ordered by 
higher authority) . If the reviewing officer does not approve 
the survey report, he will require another survey to be held. 
In all cases the second survey should be a formal survey. 

When required, survey reports should be forwarded to 
the cognizant bureau for final review and approval. In the 
absence of specific instructions, survey reports will be for- 
warded to BuShips for final review and approval. 

Survey Expenditure 

Upon receipt of the properly approved survey form, the 
officer carrying the surveyed material on his records will take 
appropriate action. The material will be expended from 
the records and disposed of in accordance with the instruc- 
tions of the survey. When disposition involves transfer to 
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another activity, the material will be transferred by means 
of an Expenditure Invoice (Sand A Form 127) and an at- 
tached copy of the survey. 

A record of all surveys is maintained by the supply office. 
In most cases, copies of all engineering department surveys 
are kept on file in the engineering log room. 

In case of replacements of surveyed material, the original 
survey request, submitted by the department head, should 
be attached to the stub requisition. 

ALLOTMENTS 

The commanding officer's responsibilities for taking up an 
allotment, keeping a current record of its status, and making 
the necessary reports and returns are usually delegated to the 
supply officer, but since the allotments are limiting factors 
on engineering department activities, its personnel must 
have a working knowledge of the procedure involved. 

The funds appropriated for the use of BuShips in the 
maintenance, repair, and operation of the forces afloat are 
designated as "Ships and Facilities, Navy" (S & FN). 
BuShips allocates that portion of its maintenance funds for 
forces afloat to the fleet commanders and to ships, in the form 
of allotments. An allotment is an authorization to a naval 
activity to expend a predetermined sum for ordinary mainte- 
nance repairs and operation within the fiscal year for which 
granted. The allotments to the ships are published by 
BuShips as regular quarterly allotments. Commanding 
officers budget these quarterly allotments between the various 
departments of their ships to cover the cost of normal con- 
sumable materials, and of miscellaneous services necessary 
in the maintenance and operation of the ships. Allotments 
granted by BuShips are the principal funds used in the ma- 
terial operation and maintenance of any ship; these allot- 
ments do not cover fuel, provisions, ammunition, medical 
supplies, or pay. 

BuShips allotments are charged with issues of both Naval 
Stock Account (NSA) and Appropriations Purchases Ac- 
count (APA) material; however, APA charges are cost 
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charges only and do not reduce the available balance in the 
allotment. When material is of a standard nature and can 
be used for several purposes, it is purchased by funds from 
the Naval Stock Fund (NSF) and held NSA until it is 
issued for end use. When this material is expended to end 
use, a 5-digit end use expenditure account number is as- 
signed. (For example, consumable general stores material 
issued to a battleship is expended to 13111.) At the same 
time, the appropriation of the bureau which draws the ma- 
terial is charged for it, and the NSF is credited for the 
amount of the charge ; thus the NSF is referred to as a "re- 
volving fund." The APA is a store-holding account in which 
the Navy holds material that has already been paid for by 
a specific appropriation. It is the nature of the material 
which primarily determines whether it shall be NSA or APA. 
Technical material designed for a specific purpose, such as a 
repair part for a main feed pump that could hardly be used 
for anything other than a main feed pump, is purchased by 
the Bureau or Supply Demand Control Point having mate- 
rial control. The purchasing activity pays for the material 
from its o wn appropriation. 

Force and type commanders grant allotments from their 
budgets to repair ships and tenders for work (other than 
floating dry dock) as required. Such allotments, which are 
charged to the ships being repaired, are recorded and handled 
by the repair ships and tenders separately from the allot- 
ments granted them for their own use. Repair ships and 
tenders receiving allotments for work on other ships main- 
tain records of such allotments and make separate allotment 
and expediture reports thereon ; again, this is the responsi- 
bility of the supply officer. 

To enable the engineering department to maintain a cur- 
rent record of its allotment for repair, it is customary to 
obtain from the supply office a periodic statement which re- 
flects the value of material issued to date, the unexpended 
balance, and the unobligated balance. With this record on 
hand, the engineering department can govern or budget its 
material requirements. 
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A similar periodic report is made by the supply officer to 
the CO, indicating the status of each department in the ship's 
regular quarterly allotment. This report is also important 
to the engineering department because the funds for mainte- 
nance of equipment and spaces are drawn from the quarterly 
allotment. 

SUMMARY 

The engineering department is responsible for determining 
its requirements for general stores, repair parts, and equi- 
page. The importance of correct stowage should not be 
underestimated. A few simple principles plus common 
sense form the basis of proper stowage. Reasonably enough, 
these principles stress such ideas as safety, accessibility, im- 
portance of inventory checks, and orderliness. 

It is essential that personnel concerned know how to fill 
out a requisition for material or supplies. They should be 
familiar with in-excess and not in-excess requisitions. 

The ship must operate within its quarterly maintenance 
allotment or request an increase, when necessary, from the 
type commander, for unusual expenditures. Equipage, sup- 
plies, and repair parts must be used wisely, since their re- 
placement is chargeable to the ship's allotment. 

QUIZ 

L What three classes of material are used by the Navy? 

2. What class of material used by the engineering department is 
listed in the general stores section of the Catalog of Navy 
Material? 

3. What bureau has complete inventory control over General Stores 
Material items? 

4. What publication will be useful in helping a CPO to distinguish 
between ordinary repair parts and BuShips Special Material? 

5. On large ships, who has custody of all stock in drawer and shelf 
stowage? 

6. How frequently should all equipage be inventoried ? 

7. When one officer relieves another as head of a ship's engineering 
department, which one is responsible for having an inventory 
made of equipage? 
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8. When should petty officers who are custodians of equipage hold 

an inventory with their reliefs? 

9. When should the head of each department having cutody of 
machinery repair parts submit to the CO a running schedule of 
inventory of repair parts? 

10. When should replacements for repair parts be requested? 

11. On a small ship, what officer usually has custody of BuShips 
repair parts? 

12. On board ships where repair parts are under the custody of the 
engineering department, repair parts are Inspected and Identified 
by what personnel? 

13. Where are repair parts boxes generally located on small ships? 

14. Aboard small ships, where can a duplicate set of keys to the locked 
repair parts boxes usually be found? 

15. How are repair parts boxes identified on board ship? 

16. When does the building yard furnish a new ship with a master 
stowage list of all repair parts boxes? 

17. What requisition priority is assigned automatically when no 
priority is specified? 

18. What requisition form is generally used when ordering material 
required for immediate expenditure for repairs or alterations? 

19. Why should an MMl or C have a general knowledge of the survey 
procedure? 

20. Where does a survey request normally originate? 

21. The originator of a rough survey request must make a statement 
of opinion relative to what 4 subjects, headings, or titles? 

22. When should the initial survey request be forwarded to the 
supply office? 

23. When a formal survey is to be held, the smooth survey request 
will be forwarded to which officer on board ship? 

24. After the survey report has been made by the surveying officer 
or board, to whom is it submitted for review? 

25. ' In the absence of specific instructions as to final review and ap- 

proval, what is done with survey reports? 

26. Where are copies of all engineering department surveys gen- 
erally kept aboard ship? 

27. Who authorizes and provides the principal funds to be used 
for the maintenance of ships? 

28. Material that is of a standard nature and can be used for 
several purposes is purchased by funds from what appropriations? 

29. What is the name of the store-holding account in which the 
Navy holds material already paid for by a specific appropria- 
tion? 

30. Technical material designed for a specific purpose is usually 
purchased from what appropriation? 
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CHAPTER 




ENGINEERING RECORDS AND REPORTS 

IMPORTANCE OF MAINTAINING RECORDS AND REPORTS 

Engineering records and reports for the administration, 
maintenance, and repair of naval ships are prescribed by 
directives from higher authority, such as type commanders, 
BuShips, and CNO. These records and reports must be 
adequate and accurate, and must be kept up to date, in ac- 
cordance with established standards. 

Engineering paper work need not be complicated or diffi- 
cult, provided that administrative and supervisory person- 
nel have a good understanding of what is required. 

Up to this time, as an MM3 and 2, you have been primarily 
concerned with operating logs and similar records. Now, 
as an MM1 or C, you will have new supervisory duties which 
will require that you have a greater knowledge of engineering 
paper work and the associated administrative procedures. 
An MM1 or C who believes that the responsibility for all 
engineering paper work belongs to the assistant engineer 
officer and the log room Yeoman is not fulfilling his duties 
as a supervisor. Supervisory duties and responsibilities re- 
quire a knowledge of engineering records as well as such items 
as inspections, administrative procedures, training, preven- 
tive maintenance, and repair procedures. 

Changes affecting the preparation and maintenance of 
records and reports are constantly being made. The type 
commander usually advises the ship of such changes, but 
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engineering department administrative personnel should also 
refer to Bu Ships Journal, Navy Department Bulletins, and 
BuShips Manual for additional information. 

The basic data for engineering records and reports aboard 
ship originate in the machinery spaces. These data are 
required for all operations, repairs, alterations, casualties, 
material analyses, and various tests and inspections. 

It should be kept in mind that the maintaining of records 
is not an end in itself, but a means to an end. In this chap- 
ter the discussion will be confined to the most common records 
and reports which apply directly to a ship. 

MACHINERY INDEX 

The Machinery Index is a comprehensive listing of all 
machinery and equipment, other than electronic equipment, 
installed aboard ship. The data included in the index are 
required by BuShips to provide adequate repair parts, battle 
damage components, and replacement equipment to forces 
afloat. It is the basis for the maintenance of allowance lists, 
supply -demand reviews, and preparation of usage factors. 

The Machinery Index is made up in the form of several 
large books, 10 by 15 inches in size. Each page is made up of 
various forms, containing machinery data, stapled to a blank 
sheet. The subject matter is arranged in accordance with 
the Navy filing system. 

The Machinery Index is used as a reference book in obtain- 
ing name-plate data and other information on machinery and 
equipment installed on board ship. The Machinery History 
Cards are based on the information contained in the Machin- 
ery Index. When repair parts are requisitioned, the infor- 
mation required to fill out the repair parts data form is 
usually obtained from the Machinery Index. 

Detailed instructions for preparing the Machinery Index 
can be found in the Machinery Index Preparation, Mainte- 
nance and Revision Instructions, NavShips 250-1800-1. 
This publication should be carefully studied in preparing 
and maintaining the Machinery Index. 
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MATERIAL HISTORY 

The Material (Machinery) History is a record of all re- 
pairs, alterations, inspections, derangements, measurements 
taken, parts renewed, name-plate data, length of time that 
units have been used, file numbers of letters, and other 
pertinent data on each machinery unit. 

The Material History that is kept correct and up to date 
is the most valuable record found in the engineering depart- 
ment. However, when this record is neglected it will cause 
unnecessary difficulties and hardships in trying to keep an 
adequate material maintenance program for the engineering 
department. The Material History is of primary impor- 
tance to personnel who supervise repair work; it is also of 
concern to supervisory personnel responsible for maintaining 
it, since these records are inspected when formal administra- 
tive and material inspections are held on board ship. The 
following cards are available for maintaining the Material 



History : 

Form No. Name 

NavShips 527 Machinery History 

NavShipa 527A Electrical Machinery History 

NavShips 528 Unit Record Card 

NavShips 629 Repair Record Card 

NavShips 530 Alteration Record Card 

NavShips 531 Megger Test Record 

NavShips 532 Blank Utility Card 

NavShips 533 Bearing Record 

NavShips 536 Electronic Equipment History Card 

NavShips 537 Record of Field Changes 

NavShips 538 Tube Performance Record 

NavShips 539 Hull History Card 



The above is a complete list of Material History Cards. 
The MM will not be required to use the electrical cards (Nav- 
Ships 527A and 531), nor the electronics cards (NavShips 
536, 537, and 538). Therefore, these cards will not be dis- 
cussed in this training course. 

Of the above-listed cards, four form the basis of the ship's 
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Material History: Machinery History, Electrical Machin- 
ery History, Electronic Equipment History, and Hull 
History. 

Machinery History Cord 

The Machinery History Card, shown in figure 18-1, is 
the basic card used to set up or to revise the Material or 
Machinery History records. The sequence of arrangement 
of the cards (in regard to subject matter) is based on the 
Machinery Index, which is, in turn, based on the Navy Fil- 
ing Manual. A card is made out for each unit of machinery 
and for the major component parts. Take, for example, 
a main lube oil pump. A separate Machinery History Card 
is made out for each item in the following order: pump, 
turbine, throttle valve, lube oil cooler, reduction gear, and 
governor. 

The Machinery History Cards are placed in large binders, 
which have a number of dividing fiber sheets with tabs. A 
group of cards is arranged for each dividing sheet of the 
binder. The individual cards are arranged from top to bot- 
tom in order of their respective index numbers. This leaves 
the index number and title of each card visible, so that any 
card can be readily located. The tabs on the dividing sheets 
in the binder are also numbered, so that each group of cards 
can be readily found. 

The original card is numbered 1, as shown in the top right- 
hand corner of figure 18-1. When the space for "Remarks, 
Machinery History" has been filled on this card, entries are 
continued on a blank Utility Card, numbered 2. This card 
is placed directly behind the basic Machinery History Card. 
Other cards that are placed in back of the basic Machinery 
History Card are : Bearing Record Card, Unit Record Card, 
Megger Test Card, Alteration Record Card, and the Repair 
Record Card. 

The following information is found on the Machinery His- 
tory Card. (The numbers correspond to those encircled on 
the card illustrated in figure 18-1.) 

1. This is the Machinery Index number of the unit for 
which the card is prepared. 
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2. This entry gives the number and the name of the unit 

3. The number placed in this space will be "1" on all 
original cards in the set. Subsequent (utility) cards will be 
numbered consecutively. 

4. This space was originally intended for the subject unit 
of the card. It is no longer used, as the subject now appears 
in space No. 2. 

5. This entry gives the name and number of the compart- 
ment in which the unit is located. 

6. In this space is entered the number of the pages on 
which the unit is listed in the BuShips Allowance List. 

7. This is the BuShips plan number for the unit, or the 
first plan of a series of plans for the unit. 

8. This space is for the alteration number on BuShips 
plans. 

9. This space is normally left blank. An entry here 
would represent the piece number. 

10. This is the manufacturer's drawing number. 

11. This is the repair parts box(es) number. If neces- 
sary, the list of repair parts boxes and their location can be 
typed in the "Remarks" space. 

12. This entry gives the location of repair parts. 

13. This space is for pertinent data such as the file num- 
bers of any letters concerning operation and maintenance; 
repair parts allowance; manufacturer's instruction book 
number. 

14. This entry is the name-plate data of the unit. (This 
data should be copied from the Machinery Index.) When 
necessary, this data can be recorded in the "Remarks" column. 

15. Date entries made here refer to the data in the "Re- 
marks" column. 

16. The "Remarks" column is for recording tests, in- 
spections, repairs, alterations, casualties, material analysis 
data, and the like. 
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17. These entries specify the total number of hours the 
machinery has been in use at the time of the respective entry 
in the "Remarks" column. 

The reverse side of the card is a continuation of the lower 
part of the card. 

Unit Record Card 

The Unit Record Card is used to record measurements of 
reciprocating machinery such as internal combustion en- 
gines and reciprocating pumps. It can be used for any unit 
that has pistons and cylinders. This card is placed behind 
the Machinery History Card of the specific unit. 

Bearing Record Card 

A Bearing Record Card is provided to record bearing 
measurements of each bearing unit. These cards are inserted 
in the Material History binder behind the applicable history 
card. 

CURRENT SHIP'S MAINTENANCE PROJECT 

The Current Ship's Maintenance Project (CSMP) serves 
as a precaution that no work item will be overlooked ; it makes 
possible the orderly scheduling of work requests for an over- 
haul period ; and it ensures that the detailed information re- 
quired for each repair job will be readily available. CSMP 
items are written up for important ship's force repair work 
as well as for repair ship, tender, and naval shipyard work. 

The CSMP is made up of the following three cards : Repair 
Record Card (blue), Alteration Record Card (pink), and 
Record of Field Changes ( white) . Record of Field Changes 
cards are used in connection with authorized alterations of 
electronic equipment and therefore will not be discussed in 
this training course. The CSMP cards are the only cards 
that have a short extension — called a "tab" — at the upper 
left-hand corner. 

When a repair item becomes evident or when an authorized 
alteration is received, a CSMP card should be filled out and 
placed in the Material History binder, behind the proper 
Machinery History Card. The distinctive color of these 
CSMP cards makes it a simple matter for the CPO checking 
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the Material History to see what work is outstanding. When 
the work item has been completed and a proper notation has 
been made on the Machinery History Card, the CSMP card 
should be removed from the binder and placed in a "com- 
pleted work" file. 

When a ship is scheduled for a repair availability, the 
CSMP is used to determine the repair work and alterations 
to be accomplished. The CSMP work items are then re- 
viewed, and the relative importance decided upon. The 
cards are arranged in the order of priority, and individual 
work request numbers are assigned. The appropriate num- 
ber of copies of the work requests are typed by the Engineer's 
Yeoman. This is the common procedure, except for naval 
shipyard routine overhauls of vessels in the Atlantic Fleet. 

From your experiences as a Machinist's Mate, you can un- 
derstand why it is very important to record all necessary 
repair jobs on the CSMP cards. Otherwise small but im- 
portant repair jobs, which should be accomplished during 
the overhaul period, may be overlooked or forgotten. The 
GSMP repair cards should be made out as soon as a defective 
material condition is discovered. Then the details will be 
fresh in your mind and a complete description of the condi- 
tions, and the required repairs, can be written up. This will 
ensure sufficient information which will prevent delays or 
misunderstanding at a later date. A good CSMP must have 
all the detailed information and a complete list of all the 
required repair items. 

As an MMl or C, you should be capable of writing up, in 
rough, a Repair Record Card which gives the required in- 
formation on material conditions and required repairs, with 
reference to applicable blueprints. The remaining informa- 
tion needed for the Repair Record Card can be filled in by the 
log room personnel. 

Repair R*cord Card 

The Repair Record Card (fig. 18-2) is used to keep a rec- 
ord of all repairs that are pending. This card is inserted 
behind the appropriate Machinery History Card. The 
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blue-colored tab extends above the Machinery History Card. 
The CSMP Repair Record Card is filled out, giving all the 
required information and data, as soon as a repair item or 
job becomes known. A separate card is made out for each 
item in need of repairs. However, small items that are simi- 
lar (valves, for example) are usually included on one card. 
The Repair Record Cards are kept on file until the indicated 
repairs have been completed. 

Entries on this card are as follows: (Numbers correspond 
with those encircled on the card shown in figure 1&-2.) 

1. For engineering department purposes, the "X" will 
indicate the type of repair work — mechanical, electrical, or 
hull. 

2. Number and name of the unit on which the repair is 
to be made. This information can be obtained from the 
corresponding Machinery History Card. 

3. Index number, taken from the corresponding Material 
History Card, for the unit to be repaired. 

4. 5, and 6. An "X" entered on one of these spaces indi- 
cates the priority of the repair — whether the repair is de- 
ferred, routine, or urgent. This priority is assigned by the 
ship. 

7. Location of the unit to be repaired. The compartment 
name and number should be given. Where necessary, the 
location in the compartment and frame numbers are given. 

8. Date the card is started; this should be the date when 
the repair is noted as being necessary and the card is made 
out. 

9. Originally, this space was provided for the title to 
which a repair was charged. This information is no longer 
applicable, and the space is left blank. 

10. 11, and 12. An "X" entered on one of these spaces 
indicates whether the work is to be performed by the ship's 
force, by the repair ship, or by the naval shipyard. 
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13. This is written up so that it will cover the following 
information : 

a. A detailed description of the defective condition or 
malfunctions 

b. The required repair work, including replacement of 
parts 

c. Where applicable, assistance that will be given by 
ship's force 

d. When necessary, reference to subject matter and 
plans in manufacturer's instruction book available 
on board ship 

e. The name of the individual who can be contacted for 
additional information in regard to the job. 

If the space (No. 13) allowed for this entry is not suffi- 
cient, the information should be continued on the back of 
the card. 

14. In this space is indicated the status of material to 
be used for the repair, such as "on board," "at shipyard," or 
"en route to ship from supply depot." If the naval ship- 
yard is designated to do the work, it will furnish the mate- 
rial. When a tender or repair ship is designated, the repair 
activity will furnish such material as is carried in stock: 
In most cases the ship requesting repairs will have to furnish 
the repair parts. If repairs are to be made by the ship's 
force, the material will be requisitioned by the ship. 

15. Give the BuShips plan number of the applicable blue- 
prints that may be required to accomplish the repair job. 

16. Give the Board of Inspection and Survey item num- 
ber, if such an inspection has been held. This number is 
entered on the Repair Record Card when a list of repairs is 
made for an inspection by the Board of Inspection and 
Survey. 

17. Give the title of the type, or force, commander con- 
vening a forces afloat material inspection, if such an inspec- 
tion has been held. 

18. Give the number of the quarter and the year in which 
the forces afloat inspection was held. 

19. Give the forces afloat material inspection item num- 
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ber, when applicable. This number is entered on the Repair 
Record Card when a list of repairs is made up for a material 
inspection. 

20. Give the file number of any letter that may have been 
received or written in regard to the repair item. A copy 
of this letter, when sent, is placed in the log room file. 

21. Give the date of such a letter (No. 20). 

22. Give the file number of the letter in reply to a letter - 
that may have been written (No. 20). 

23. Give the date of such a letter ( No. 22) . 

24. Give the naval shipyard or repair ship job order 
number, when assigned by the repair activity where the 
repair work is to be accomplished. 

25. In cases where the repair job has not been fully com- 
pleted, give the date and percentage of completion for ref- 
erence for the next shipyard, or repair ship, availability. 

26-29. These spaces are self-explanatory. 

Alteration Record Cord 

The Alteration Record Card, shown in figure 18-3, is used 
to record all authorized alterations pending. While an alter- 
ation is pending, the card is placed behind the Machinery 
History Card of the unit affected, with the pink tab extend- 
ing above the top of the history card. The information and 
data are obtained from the ship alt (NavShips 99) and from 
BuShips letters that authorize alterations equivalent to re- 
pairs, and from BuShips letters that may be received re- 
garding an alteration. The use of these Alteration Record 
Cards facilitates the listing of required information for al- 
terations in the CSMP which, in turn, is maintained with the 
Material History. 

Entries that should appear on this card are based on infor- 
mation contained in the shipalts which are sent to the ships 
concerned and are similar to those on the Repair Record 
Card. There is this difference in recording information on 
the two cards : the Repair Record Card is made out when the 
need for a repair becomes evident, or when it is decided that 
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a repair should be undertaken at a future date ; the Alteration 
Record Card, on the other hand, is filled out upon receipt of 
the approved shipalt. The entries for the Alteration Rec- 
ord Card are as follows : 

1. Priority assigned by the ship. 

2. Name of the bureau having cognizance of the alteration ; 
this is always listed as "Ships" for the engineering depart- 
ment CSMP since alterations will be mechanical, electrical, 
or hull. 

3. Number and name of the unit on which the alteration 
is to be done. 

4. Index number of the unit ; this number, as well as the 
index subject, will be assigned in accordance with instruc- 
tions in the Navy Filing Ma/rmal. The number gives the 
location of the CSMP Alteration Record Card in the Ma- 
terial (Machinery) History. The number and name are 
the same as the ones used on the corresponding Machinery 
History Card. 

5. 6, and 7. An "X" entered in one of these spaces indi- 
cates the priority of the alteration, whether deferred, rou- 
tine, or urgent. This is the priority assigned by the ship 
except in some cases where a certain priority may be recom- 
mended by a higher authority, such as a type commander. 

8. Name and number of the compartment in which the 
unit is located. 

9. Date of the alteration. This date is copied from the 
shipalt (special form, NavShips 99) or from the authorizing 
letter. 

10. Title to which the alteration is charged; this infor- 
mation is also obtained from the shipalt or from the author- 
izing letter. 

11. 12, and 13. An "X" entered in one of these spaces in- 
dicates who is to perform the work — whether the ship's 
force, the forces afloat (repair ships or tenders), or the naval 
shipyard. This information is also obtained from the 
shipalt or from the authorizing letter. 

14. Brief description of the work to be done. 

15. Status of the material to be used for the alteration. 
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The shipalt or the authorizing letter will indicate who is 
to do the work (see numbers 11, 12, and 13). If a naval 
shipyard is designated to do the work, it will also supply 
the material. Tenders and repair ships will, in most cases, 
furnish the required material. For alterations that are to 
be accomplished by the ship's force, the material is requisi- 
tioned by the ship. 

16. BuShips plan number of the applicable blueprints for 
the alteration. 

17. Item number from the Board of Inspection and Sur- 
vey list of authorized alterations, if such an inspection has 
been held. 

18. The title of the type commander convening a forces 
afloat material inspection, and any recommended priority 
made by such inspection. 

19. Number of the quarter and the year in which the 
forces afloat material inspection was held. 

20. The item number from the forces afloat material in- 
spection list of recommended alterations. 

k 21. File number for a repair activity to accomplish the 
approved alteration. 

22. The date of any such letter (No. 21). 

28. The number of the shipalt, or the letter authorizing 
the alteration to be accomplished. 

24. Date of the shipalt or the letter (No. 23). 

25. Job order number assigned by the naval shipyard, or 
repair ship, when the work has been undertaken by the 
activity. 

26. In cases where the work has not been completed, the 
date and the percentage of completion should be entered in 
this space for reference for the next shipyard or repair ship 
(or tender) availability. In some cases more detailed in- 
formation must be given on the reverse side of the card. 

iiT-30. These items are self-explanatory. 

Reverse side of card. The back of the card is used for any 
additional information that may be necessary. Where the 
detailed description of the work is lengthy (see No. 14), it 
is continued on the reverse side. 
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REQUEST FOR ALTERATIONS 



It is sometimes difficult to obtain authorization for an al- 
teration ; a request for one entails a great deal of Navy cor- 
respondence, and may involve a period of several months. 
A definite policy has been set up to prevent the addition of 
weight to naval ships by unnecessary or unimportant altera- 
tions. Instructions regarding the procedures for requesting 
approval of new alterations are issued by the type comman- 
ders. In general, the procedure is as follows : 

1. Requests should be submitted as soon as the need for 
the change has been fully investigated. 

2. An alteration request should contain details, including 
any defects or unsatisfactory conditions of the present in- 
stallation, advantages of the proposed alteration, name-plate 
data, or other information for proper identification, refer- 
ence to applicable blueprints, sketches of proposed changes, 
etc. 

3. If the alteration involves a change of weight, and 
vertical moment above the keel, compensation for the pro- 
posed alteration should be specified and appropriate state- 
ments made in regard to any change of weight or of vertical 
moment. When there will be no such changes, the fact 
should be stated. 

4. If the proposed alteration should result in a reduc- 
tion of space for accommodation of the crew, details of the 
reduction of space and the reasons for accepting this loss 
should be included. 

5. Requests should be forwarded in the following manner : 

a. Commanding officers should submit requests via 

their unit commander, with sufficient copies for the 
required distribution. 

b. The squadron commander (when applicable) should 
forward the original and sufficient copies of the re- 
quest to the type commander, including appropri- 
ate comments in his endorsement. Copies of the 
request should be furnished to all like commands. 

c. Recipients of these copies should investigate the 
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proposed alteration and submit their recommenda- 
tions to the type commander, 
d. The type commander should forward the request to 
the appropriate bureau with his recommendations 
and a statement as to other ships of his force. 

ENGINEERING LOG 

The Engineering Log (NavShips 117), shown in figures 
18-4, 18-5, and 18-6, is a complete daily record, from mid- 
night to midnight, of important events and data pertain- 
ing to the engineering department and the operation of the 
ship's propulsion plant. An engineering log should be main- 
tained by each ship in commission, and by such other ships 
and craft as may be designated by competent authority. 

The original rough log constitutes a legal record and no 
erasures may be made in it. If an error is made, a single 
line should be drawn through the original entry and the 
correction inserted below. Corrections, additions, or changes 
should be made only by the person required to sign the rec- 
ord for the watch, and should be initialed by him on the 
margin of the page. After the log has been signed by the 
CO, no change should be made without his permission or 
direction. 

The Engineering Log is kept in the control engineroom 
while the ship is under way, and in the steaming engine- 
room or in the engineering log room, when in port. This 
log is generally filled out by the MMC of the watch, or the 
MMC assigned to the day's duty. 

On large ships, the log is signed by the engineering officer 
of the watch, or the engineering duty officer, before he goes 
off duty. The engineer officer inspects and approves the 
Engineering Log of the preceding day. On the last calendar 
day of each month, the CO signs the log. 

The following information must be entered in the Engi- 
neering Log : 

1. Name of the ship, date, and place where the ship is 
moored or anchored, or its route 

2. Average hourly rpm of each shaft 

SM 



ENGINEERING LOG 

17. ft 5. gp~«wll t CV-3333 Dot. » Sfifct J2JL 



At or «, rouU from N.O.B^ NorfoIk 1 V«. 



m 1 



'■ • 

■L P M. 



12.3 

105.2 i 

93.3 
119.3 
120.0 
120.0 
120.0 
120,0 

Jttafi 

120.0 
120.0 



•TV 

1.6 
14.3 

12.7 
16.1 

16.3 
16.3 
16.3 

Ja\J 
.16*1 
16.3 
_16.3 



TOT.L 



l,930,766i 279,662 
I 15,800 



* * * I 30,100 



ayl 

Total Kif**»b»_ 
O* hud, 2«00. lo^tey 



1,930,766; 325,562 



23,715 



,25,30? 90,212 



6,299 



-U29i^il._J2j5,350 



6.299 



0315 Daily 

rF DiiruAcmwrr: Forward 



• Mltu (0000-3400) 



2? 


- ft> 




M- 


.1.28 


.._-<U 


29 


- 10 






| 2? . 8 | 



38,200 



*EnaiNX mils* (0000-3400) 158,8 p ATB on or ^.i 233 



REMARKS 
(ftp* tMtrwrtioa* oa *fc) 

TixzM mm description — ; dock* m4 back or ak*ad hrm. min at 

00-08 Moored starboard side to pier 5 t,t livil Operating Base, Norfolk, Virginia, 
with following services froa docVu Telephone and fresh water. Following 
j^liae y Jjt aya^ tftffflf ff frH«J ff t tir* WS* WK^tt #5 »M * 
j>uap, #11 forced draft blower^ |^ electric ...fuel oil service pumpj fuel oil 

. suction B;4F, standby B^F* #6 and #8 fire puaps, #6 fuel oil heater, . 

l*\..M*Xl%9ry booster pujnp, n*Ke-VP f«t<* froa B054W, standby 3944'4f, #3 S enerator x 
#2 aotor genera .or, #1 K.P. air compressor, #2 ice machine, forward and aft $yro 
compasses, >1 dlstiUin* pJdiM.A^ r^chinery out_of_ 

_co*nissloni #3 U.P. air compressor and aft boat crane, f 0145 secured 



fX dittilllnt ala nt , # 05S2 aarajaaloii granted •Pd Plowed tubes on #6 boiler, 
jL^3jL , ^*J > ^ 6d #l-#2 H.P. air conpressors. Carried out regular in port watch 
ro utine t ests a Ofl.lfH pec t i ens , _ Cond i tl o ns no rma 1. 



(Signe d) G. J. Perron, Lt. ( J .g. ) 



Wt Ummi » «|1 MM 



OJNMMiMMMpr. 



*?i«wiMk pao »m m eew* 



Figure 18—4. — Engineering Log, page 1. 
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Figure) 18-5. — Engineering Log, poge 2. 
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lighted fir*. under iup«rt>e*Ur #3 and 4 boll.n, * 1519 Started #2 dit tilling 
plant, distilling to food bot tow, r . l£» caapleted blowing tubes in #3, 4 9 7 
tad S boilers with the O.O.D.'s permission, # 1524 fire drill In ihe ward rooa, 
v 1524 lUrUd #5 fire puap, L' 1531 secured from anchoring, aoorlng and special 
sea datall 9 C 1534 tecured fmai fire drill, w 153o general quarters, e 1540 
shifted to cruising control, Q 1545 split tha plant, split tha alaetrleal load, 
3/a 15 knots, 113 taking 113 R.P.U., e 1555 sacurad froa general 

quartan, earrlad out underway routlna tettt and inspections, aade spaad ohancas 
aa par engineer's ball book, luba oil in suaps as foil ova t #1 • 1080, *2 - 1000, 
#3 - 1000, #4 • 1080. 

(Signed) D. Brltoner, tt.Cj.g*) Oil 
16-20 tteaa as before except, # IdOO sacurad #5 flra pssp, sjr 1625 pot #1 and 
2 flra punps in oossilssloa, t? 1635 thlftad distillate froa faad bottoa to ship's 
teaks, • 1700 sat saanlUoa yoke 9 ¥ 1730 sUrtad #5 flra puap, V 1745 sacurad 
#5 flra pane, # 1800 aalfted and elaanad luba oil itralnars, S? 182$ aacurad 
saoka watch, C I836 thlftad M.O.f. to B949*, standby B9481. Luba oil in swaps 
aa follows 1 #1 - 1100, #2 - 1O50, #3 - 1000, #4 - 1100, l< 1940 raisins atsacr- 
haat froa 825° to 850 0 at 10° par minute. Car r lad out ragular underway routlna 
taatt and inspections. 

(Signed) 0. J. Ptrron, Lt.(j. f .) 
20-24 Stesalng as bafora except as follows 1 fe* 2015 coaplstad spllttlnc 150 lb. 
auxiliary staaa with #1 and 2 raducars In usa, £ 2020 lighted off 11 awaporator 
unit, i 2030 neraittlon granted md bloteo tubas on bolltrs #3, 4, 7 and 8, 
$ 2230 thlftad and elaanad luba oil stralnars, <c 2230 shlftad M.l'.F. froa B-948W, 
standby B-944W, t 2 3 00 put #3 L'.P. air compressor back In cocmlsslon. luba oil 
In tunft as roil ens 1 #1 - 1075, ft 2 - 1050, #3 - 1025 9 #4 - 1075* Carrlad out 
regular underway tasts and inspections. 

(Signed) R. P. ilettg.r, Ins., US* 



Figure 1 8*6. — Eng ineering Log, paga 3. 
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3. Average knots for each hour, as computed from latest 
approved speed and rpm tables 

4. Major speed changes, such as "one-third," "standard," 
and "full" 

5. New standard speeds, if such are initiated, and the time 
that the speed changes were made 

6. Engine combinations in use 

7. Boilers in use 

8. Fuel oil, fresh water, and lube oil on hand at mid- 
night, and the amounts received and used during the pre- 
ceding 24 hours 

9. Table of draft, displacement, knots (midnight to mid- 
night), engine miles steamed, and the number of days out 
of drydock 

10. Any special entries required by Navy Regulations. 
BuShips Manual, or letters from BuShips 

11. Record of casualties to personnel or material in the 
engineering department 

12. Remarks of the engineering officer of the day or 
watch 

Entries in the Engineering Log should be made in ac- 
cordance with instructions on the log form and as further 
outlined in chapter 10, section 4, of Navy Regulations, and 
in BuShips Bulletin of Information No. 16. 

The remarks column of the log should be written up neatly, 
legibly, in complete statements, and with the use of standard 
phraseology. Watches are headed 0-4, 4-8, 8-12, etc. The 
midwatch should give the complete status of the engineering 
plant, including the boilers in use and the fuel oil and feed 
water tanks supplying them, the auxiliary machinery and 
generators in use, the standby fuel oil suction and make-up 
feed tanks, and the machinery not in commission. Any 
change in the status of a machinery unit or tank, and the 
time the change occurs, is also entered in the log. The 
phrases "under way as before", "standing by as before", or 
"moored as before" may be used for all watches except the 
midwatch. The Engineering Log should not be folded or 
creased, and it should be kept clean and free of grease. 
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ENGINEER'S BELL BOOK 



The Engineer's Bell Book, shown in figures 18-7 and 18-8, 
is an official legal record kept of the time any bell, signal, 
telegraph, or other form of order regarding change in the 
movement of the propellers is received at the control station 
of each of the main engines (column 1) ; the interpretation of 
each order (column 2) ; the actual propeller rpm resulting 



ENGINEER'S BELL BOOK 
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Hgwr* 1 8— 7.— CnginMr't ftook, pog* 1. 
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ENGINEER'S BELL BOOK- 




73. umn 




j)^ 1 ^^ k»»/^* 




7*1 /a* if.?/A? 



r af Ma ■ lata ■ 
Ia «mh X. toaaa aaaTJ ba 

linrfliltaU.l.X. E. lttO, Art. XM2(I>. 
In «■#— t tta faO— laf alfcnilirliM 
■toff af «aeh "balX," *cn*l 



INSTRUCTIONS 

i data «xnpt aaaaa; 8%-1ar%a»f< i aaaad f a BUiaa aaaaa. ft a 

i BMka it te> daftnito naaabar af araaatkar ft. P. M. to araarad, tkaa tkal nnbar 
aaaJl ba aataraa. T I |l i: 1 Xi-all aa«taaa akaad XXf B. P. 
at ; P76 -port anflaaa akaad T» B. P.M. 

In wt— ■ aaaJl ba I tfca —aw af tBa pi ipiHir B. P. 

M. raaaftinff fnn actMa takan. Oamiaakai of raf MM to • C u M i 



aatlac toUan to ba aatarad vbaa abaft U and 





aactAM back two-tkird* apaad; %-afl llfhlll 



%-two- Bafora foinr aff daty tkac 

aal Tbara m ao tki* raeord In lb* Una 1 

Oaiiialu af aay akaJl c 
af 

B%-aJl Uaao ■aaD aa mU» by a aata i 

akaad two- think rami 



Figure 18—8. — Engineer's Bell Book, page 2. 



from the action taken (column 3) ; and the counter reading 
at the time the order is given (column 4). 

Note that the rpm entry in column 3, for any signal, indi- 
cates the rpm "resulting from the action taken" — not neces- 
sarily the rpm which has been ordered. Sometimes the sig- 
nals are given in such rapid succession that there is not time 
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to reach the rpm for one signal before the next signal is 
received. In such cases, record the rpm that is being made 
at the time the next signal is given. A counter reading is 
taken every hour on the hour. 

For each day a new sheet is started. The original entries 
must remain without erasures. Errors must be overlined, 
initialed, and corrected by putting the proper entry in the 
space below. Entries are normally made by the throttle- 
man, except when entering or leaving port, or during any 
rapid maneuvering activity, at which time the entries may be 
made by an assistant in order that the throttleman can devote 
his full attention to answering bells. At the end of a watch 
the throttleman signs his name after the last entry. By 0830 
of each day, the record of the preceding day is turned in to the 
log room. 

The Engineer's Bell Book should be kept at each throttle 
station. Entries should be made in accordance with the in- 
structions on the form, and as outlined in Navy Regulations. 

Before accepting relief, the engineer officer or the MMC, 
or other PO in charge of the station at which the throttle is 
located, should sign this record in the line below that of the 
throttleman's signature. The record should be continued 
in the line following the signatures. 

OPERATING RECORDS 

A constant check of all machinery and units in operation 
must be made by the men on watch in the machinery spaces. 
The data obtained by the watch standers are entered on rec- 
ords referred to as operating logs. 

The information contained in the logs provides a basis 
for the analysis of machinery performance. Therefore, it 
is the responsibility of all watch standers, particularly petty 
officers in charge of the watch, to ensure that the information 
is regularly and accurately given. 

Operating records should be completely and accurately 
filled out by personnel in each machinery space. The man 
designated to record readings should be carefully instructed 
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in the manner in which this should be done, and the necessity 
for reporting immediately any variation from the normal 
reading noted. It is the responsibility of the petty officer 
in charge of each space to personally check the reading 
recorded and to report any unusual condition to the engineer 
officer, or to the CPO of the watch. No part of the foregoing 
should be construed as relieving the petty officer, in charge 
of the space, of the responsibility of personally checking 
ft U an d thermometers ; he should supplement the visual 
check by the use of ears and hands, at intervals of frequency 
sufficient to ensure proper operation of the plant at all times. 

NIGHT STEAMING ORDERS 

In addition to the engineering department's standing 
orders, the engineer officer, each night the ship is under way, 
prepares an Engineer Officer's Night Order Book for the 
benefit of the officer, or CPO, of the watch. These orders, 
or instructions, become effective as soon as they are received. 
The forms used will vary from ship to ship, but the content 
will be similar. The officer of each night watch should 
initial the orders. 

The orders usually indicate the standard speed in knots 
and rpm; boilers to be used; steam temperature; operating, 
standby, and emergency fuel oil tanks to be used ; make-up, 
standby, and emergency feed water tanks ; and such special 
instructions as may be necessary (e. g., shifting of ship's 
service generators, changing of boilers and plant for major 
speed changes, blowing of tubes, etc.). Figure 18-9 illus- 
trates an example of the Engineer Officer's Night Order 
Book. 

LtGHTING-OFF AND SECURING CHECK-OFF SHEETS 

The Lighting-Off Check-Off Sheet, shown in figure 18-10, 
and the Securing Check-Off Sheet, shown in figure 18-11, 
vary from ship to ship, depending upon the procedure de- 
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ENGINEERING DEPARTMENT 
NIGHT STEAMING ORDERS 



19 April 19 J3 



MOORED ■arfolk, fa. Liabon, Fcrtu«al 
ENROUTE . TO 



SPLIT PLANT OR CROSS-CONNECTED 




Split plant 




S/S 15 KNOTS B RPM 


STEAM PRESSURE *"* SUPERHEAT TEMP. SPRAYER PLATES 3712 




BOILERS 1#2#3#4[lA 


STANDBY If 2# * u QuSia 


TURBOGENERATORS 

lifcB; 3AlB 


STANDBY 2a & B; 4A * B 


EVAPORATORS 

l f 2, 3, and h 


DISTILLING TO: Ship', tanks 


FIRE & FLUSHING PUMPS 
6, f 9 and 10 


STANDBY U and 7 



1* Blow tobaa and ptaap bilfas onea aaeh watch with panalaalon 
of 0 0 D. 

2. Conduct tianlatad caanaltj control drills in all •taurine 

W ^ mC 3. Kaap a aour lty patrola alart for fira and/or floodlaf 
haaarda. 

lu Tha ahlp aapaeta to foal daatroyara at 0700. Saa that 
paraonnal con c arnad ara notiflad* 



M. C. 



NAME 



cm on 

RANK 



20-24 
00-04 



04-08 6ffc^ 



Figur* 1 8-9. — Cnginoor Officer's Night Ord«r Book. 

veloped by the type commander. You should become fa- 
miliar with the type of check-off sheets used on your ship. 

The purpose of the check-off sheet is to provide a reference 
list or guide to assist the MM1 or C in charge of lighting off 
or securing an engineroom. Although experienced Ma- 
chinist's Mates are capable of lighting off and securing 
enginerooms, there are times when the most experienced 
person will overlook an important step in the procedure. 
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PROCEDURE FGR UCHTDC OFF HUM PBBB8 

At Of 00 ™*f/l/ff 



Egg 



All'd 



So. 



1. 

2. 
3. 

lu 

5. 

6. 

7* 

6. 



9* 
10. 



Call Steaming Watch ~ 

Sat Stealing Watch in the FR'a & ER»a.. 
Opan and doaa all throttle valvea 
Slack off on atom tuba glanrta. ........ 

O.O.W. order flraa lighted undar 
bollara • / * 3 and Jf* • 
Drain all main and auxiliary atean 

linos 

Una up main and auxiliary steam lines 
auxiliary exhaust, drain, & feed linss. 
Check location of Turbina rotor s, Log 

Cold Readini; 

Open drains from throttles, mala 
ateam, auxiliary ateam and turbina a. 
Leave slightly cracked until ateam la 
coming out of drains freely* Then 

shift to HP Dr. grates. 

Check L.o. Sumps for level and Water. 

Clean strainer • •••• 

Start warming up main and auxiliary 
atem. Lines, using bp-pasa valves 
where fitted. Otherwise crack valves. • 



4pL 



42? 



07** 



ML 



ML 



\x\6 



MP*. 



lib) 



Ii30 



37. 
36. 



to. 



Check location of turbine rotors Log 

(hot) reading , 

Obtain permission from 0.0.0. (person- 
ally) to test main engines, IT granted 
disconnect Jacking gear* Spin engines 
every 3 nln. while standing by. (Not 
orer £ turns in any direction). Cut in: 
1st. stage Air Ejector and faring up 

vacuum. Split Plant....... 

when in all respects ready to get 
underway, report same to Engineer 

Of fleer 

Close turbina drains on first bell 

except for last stage drain*.* 

Underway. ......................... . 



4lfL 



BE SURE CRIERS TO STAND-SI TO AMSHER ALL BELLS 
BUB FRCU O.O.D. 



0»30 



0130 



0t20 



OiOO I 



^^^^^^^^^^^^^ 



figure 18-10. — Lighting-Off Check- Off Sheaf (differs for each ship). 

The form will simplify matters and provide a convenient 
method of checking off the various steps in the procedure. 
In that way, no steps will be overlooked. The check-off list 
is filled out by the MMl or C when he is supervising the men 
in lighting off or securing an engineroom. 
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U.S.S. B0CHES7EH 

BM MM BflUnH —I 



Kq.: (WAtlon ; Tjae 

1 :Ooen up 600f Aux. steam line fwd. : Aa 

:Ordered 



Aft., le ave m:ln stean split 
:Ooca up 15Q# stean line fwd, & 



Actual 

JUm — 



file. 



3 :Open u p Aux. Erhnust lines 



4 :Op€n Hp.ln £nj;ipr dr. ins 



5 :glose Yj l yei 

"g :Sne,a._:o Jacking t^ecr r-nd start Jact- 
:ing Ha in Engines (Continue for ljj : 



:Gn Oraers 



ua 

:Shift froa stem to electric con- 
:densftt* Puiape. 



6 :5hift from llei.x to electric Feed 



When 
Ordered 



booster Puapo. 

"5 lU practicable, shift froa 5teaa 



to Electric Fire Pugps 



10 :Securc designated boiler and Pen e: 

11 :Secure unused sections of Main 



*Str >Am Llna 



12 



:Secure Anchor and Steering Engines; 
:Whlstl» rjid Siren. 



13 :Cut Aui. Exh. Into Aux. Condenser : 
tend start taking on n*ke-up feed : 
Aux , Condensers, 



: through 

15 :Draln dovn unused sections of Steaa 
:Llnes. 



15 iSecure dunning ▼nlves, gland seal-: 
ling stewn, air ejectors and con- l 
tdensate puamt on 3 aala units, < 
rleep all main circulators in * 
sratlon. 



toleration. — _ , — : a — r 

:5ecure Aux. Exh. to D.F.T. not in : 



17 iSecure rejoining Main Condensers 
:when Aux. Exh. pressure becoaee s 
: gonial. 



18 iSecure Kiln Circulators when trunk: 
Xteaperature is below 100^. 



When Cond 
are cool- 
ed to 90° 



19 :Secure all unnecessary sections of 
:Ste aa lines r-nd drain 



As 

Ordered 



20 xSecure Jacking gear and main lube 
loll TUflps when Exh. trunk tenp. 
: reaches 90°. 
I 

l 



:Hot less 

:than 1 hr 
Xafter en- 
x gaging 



i&ot Auxiliary Watch. JOn Orders : 

:0.0.W. report to O.O.D. that Main : Whan t 

i Engines are secured and what boil-i Ordered : 

Sera and Generators are being ueed : : 

Xfor Auxiliaries Purpoaes. i : 



23 :0.0.W. report to Engineer Officer 
:that Main Engines are secured. 



: At Secure 



(C.P.O. in chars*) 



MAINTENANCE RECORDS 



In addition to the Material History and CSMP Cards, the 
engineering maintenance records with which you will be 
concerned include such items as the different periodic check- 
off lists, work books, zinc charts, and packing lists. 

Check-off lists are used to ensure that no item of equipment 
is overlooked in carrying out the ship's preventive mainte- 
nance program. 

The check-off sheets comprise numerous daily, weekly, 
monthly, quarterly, and other tests and inspections. These 
checks should be accomplished to ensure that the engineering 
plants and auxiliary equipment are always kept in first-rate 
operating condition. The type commander usually provides 
the check-off lists that your ship should use when conducting 
tests and inspections. 

For most steam-driven ships, some items will vary accord- 
ing to the type of ship. Therefore, the following check-off 
lists will not be complete lists that are applicable to all ships. 
The object is to give you, as an MM1 or C, an idea of the 
purpose and scope of the various routine check-off lists. For 
particular details you should review the check-off lists used 
on board your ship. 

Daily Check-Off Lists 

The following tests and/or inspections should be per- 
formed daily : 

1. Jack over the main turbines 1^4 turns, with the lube- 
oil pumps running. 

2. Turn all idle auxiliary turbines by hand, and circu- 
late oil by means of a hand pump. 

3. Run the main air ejector for y 2 hour. 

4. Inspect the parts under vacuum for leaks (when 
steaming) . 

5. Test the evaporator coil and shell relief valves 
manually. 

6. J ack over the high-pressure air compressors manually. 

7. J ack over all pumps by hand. 
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8. Drain water from the lube oil in the drain tank, to pre- 
vent water from mixing with the lubricating oil. 

9. Test the lube oil in the reduction gears for purity, and 
run impure oil through the purifier. 

10. Vent the water sides of refrigeration and air-condi- 
tioning condensers. 

11. Check accessible refrigeration and air-conditioning 
system parts for proper operation, and check the entire sys- 
tem for unusual noise or vibration. (A separate check-off 
sheet lists each refrigerated or air-conditioned space.) 

The check-off list should be carefully followed and turned 
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Figure 18-12. — Daily chock-off lift (differs for each ship). 
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into the log room after the tests and inspections have been 
completed. Figure 18-12 illustrates a form of daily check- 
off list. 

Weekly Check-Off Lists 

Equally important are the weekly tests and inspections. 
The check-off procedure is similar to that used in the daily 
check-off lists. Included in this weekly check are the fol- 
lowing items: 



U.S.S. LSt* <CT-3T) 
VJZXLT llWZCTICSr, CKSCX 01T LIST FOR SHIP'S 8X2Y1CB IXflJlPHOT 




Figure 18-13. — Typical weekly check-off list for miscellaneous auxiliary 

machinery. 
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1. Check all valves, fittings, and joints of steam, exhaust, 
and drain lines for tightness. 

2. Operate manually the relief valves on all piping sys- 
tems in your assigned spaces. 

3. Operate all pumps by steam or motor power. 

4. Lubricate all emergency control governors, and trip 
the emergency governors by hand. 

5. Operate and lubricate all operating gear where neces- 
sary, and propulsion plant valves not in use. 

6. Operate all air compressors by power. 

7. Test refrigerating and air-conditioning systems for 
possible refrigerant leaks. 

8. Operate all idle refrigerant compressors by power, and 
alternate the compressors. 

9. Clean all sea water strainers, where blowout line con- 
nections are provided. 

10. Operate and lubricate all valves, to prevent sticking. 
You can readily see how easy it would be to forget an item 

on your ship if you attempted to inspect the equipment and 
conduct tests without using a check-off list. The weekly 
check-off list illustrated in figure 18-13 applies to the ship's 
service equipment of the "A" (auxiliary) division. If you 
are assigned to that division, you will be able to use such lists 
to guide you in making periodic inspections and tests. Other 
sheets may apply only to the ship's heating system, or to the 
refrigeration system, or to the air-conditioning system. Ad- 
ditional check-off lists of this nature may be maintained by 
the engineering department of the ship, as prescribed by the 
engineer officer. 

Monthly Check-Off Lists 

Some items of equipment, mechanisms, and systems do not 
require daily or weekly checks but they should be tested and 
inspected at least once a month. The following items should 
be included in this monthly check : 

1. Inspect the reduction gears, the exhaust trunk, and 
the main turbines through the inspection plates. 
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2. Inspect the lube-oil sump tanks. 

3. Purify all lube oil. 

4. Inspect and clean, or renew, all zincs installed in the 
engineering equipment. 

5. Test all valves not in frequent use, and test remote- 
operating gear to all valves. 

6. Renew the shaft packing of all rotary pumps 
bimonthly. 

7. Inspect and clean the air filters and the intake valves 
to all air compressors. 

8. Test the overspeed and back pressure trips and the re- 
lief valve settings on all turbogenerators. 

Quarterly Check-Off Lists 

As required by BuShips, a more complete test and inspec- 
tion of certain items of equipment is conducted quarterly. 
The following items are included in these lists : 

1. Inspect the exhaust trunk and the last few stages of 
the low-pressure turbine through the manhole plate to detect 
corrosion or other defects. 

2. Sound all turbine holding-down bolts, ties, and chocks 
with hammer to detect signs of loosening. 

3. Clean the steam strainers to prevent foreign matter 
from entering turbines, and to ensure strainer integrity. 

4. Remove the turbine inspection plates to determine the 
existence of loose blades or shrouding, or the presence of 
corrosion. 

5. Check the thrust bearing shoe clearance, the condition 
of the bearing surface, and the position of the turbine rotor. 

6. Blow out the thrust with air after examination to pre- 
vent foreign matter from remaining therein. 

7. Inspect for correct radial clearance by checking the 
main bearings for clearance, and checking the condition of 
the journal and the bearing surface. 

8. Inspect the exhaust trunks for tightness, evidence of 
corrosion and loose bolts. 

9. Inspect the gland packing for wear to ensure that an 
efficient seal is maintained. 
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10. Remove the reduction gear inspection plates, and in- 
spect the gears and the oil-spray nozzles to ensure that they 
are free of scale and that an even oil flow is maintained. 
(Gear should be jacked for one-half hour with lube oil at 
operating pressure.) 

11. Overhaul all auxiliary throttle valves. 

12. Test all engineering piping to full pressure. 

13. Inspect the water sides of the main and auxiliary 
steam condensers to determine if cleaning is necessary. 

14. Test and calibrate all gages. 

15. Inspect all reducing valves ; if necessary, overhaul. 

16. Make a general inspection of air compressors, includ- 
ing the testing of gages, valves, bearings, filters, intercoolers, 
air passages, cylinders, speed-limiting governors, overspeed 
trips, and the electric load required for starting. 

17. Check the relief valve settings on all reciprocating 
pumps, and check the steam valve gear for wear ; inspect the 
liquid end valves (stems, disks, seats, springs, etc.). 

18. Check all centrifugal and rotary pumps by testing 
the overspeed and speed-limiting devices and all relief valves, 
by cleaning the lubrication system, by renewing the lube oil 
or grease, by checking all foundation bolts and dowel pins, 
and by checking the internal water-cooled bearings and 
shafting. 

Other Periodic Check-off Lists 

In addition to the daily, weekly, monthly, and quarterly 
reports, the type commander may also require the mainte- 
nance of semiannual and annual check-off lists. Aboard 
ship, the engineer officer may, from time to time, direct the 
preparation and maintenance of check-off lists that will in- 
clude such items throughout the engineering spaces as it is 
deemed necessary to inspect and/or test. 

Under Way Check-Off Lists 

An under way check-off sheet is usually required by the 
type commander to ensure that certain tests or checks are 
made in the enginerooms when a ship is under way. Refer- 
ences to related articles of information or instruction in 
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BuShips Manual may accompany most of the items listed. 
Space is provided for the items to be checked on each watch. 
Typical listings on these sheets are as follows : 

1. Inspect the stern tube glands frequently for the proper 
flow (leakage) of cooling and lubricating water. 

2. Follow posted instructions before putting the lube oil 
system into use. 

3. While under way, test the main condenser for salinity 
every 15 minutes and the auxiliary condenser every 30 min- 
utes. ( Salinity should not exceed 0.1 epm. ) 

4. Test the deaerating feed tank for chloride once each 
watch. (Chloride concentration should not exceed 0.15 epm 
and must not exceed 0.5 epm.) 

5. Test the fuel oil heater drains and the tank heating 
coils, when in use, hourly for any traces of oil. 

6. Inspect the lube oil flow through the sight glass fre- 
quently. 

7. Clean and inspect the lube oil strainers before getting 
under way, and during each watch. 

8. Inspect and test the float gage on the lube oil sumps 
frequently. 

9. Log the amount of oil in the sump drain tank at the 
end of each watch. 

10. Test the water side of the oil cooler for any trace of 
oil, once each watch. 

11. Frequently inspect the bearings, oil lines, etc., for oil 
leaks ; and inspect the bilges for the presence of oil. 

12. Operate the oil purifier each day until any trace of 
water is eliminated. 

13. Make routine inspections of the operating conditions 
of the main shaft bearing. 

14. Test or inspect the oil in all self -oiling bearings, after 
10 days of intermittent service. 

15. Note the position of the finger pieces and the telltale 
indicators of each turbine frequently during each watch. 

16. Take cold and hot dummy clearances before getting 
under way and take a clearance once each watch. 
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17. Read all gages and thermometers frequently during 
each watch. 

18. Clean the bilge suction strainers during each watch. 

19. Listen for any possible defects in the ball thrusts, 
and in the radial bearings, during each watch. 

20. Inspect the bearings for abnormal temperatures, or 
overheating; this inspection should be made frequently dur- 
ing each watch. 

Rough Machinery History Books 

Each major engineering machinery space aboard ship 
maintains a Rough Machinery History Book for machinery 
installed in the space. The purpose of these machinery his- 
tory books is to keep a detailed record of all tests, mainte- 
nance, alterations, and repairs made to each unit of machin- 
ery under the cognizance of the Machinist's Mates in the 
space. You will be responsible for seeing that these books 
are made up and maintained in accordance with current di- 
rectives. All books are usually turned into the log room, 
prior to 1000 every Friday. The engineer officer, or his repre- 
sentative, inspects all entries made during the week, noting 
applicable items for entry on the Machinery History Cards, 
and initials the last entry. The log room Yeoman transfers 
the indicated entries to the smooth record cards, initials the 
items entered, and returns the books to the respective spaces. 

The work books can be in ledger or loose-leaf notebook 
form. A suitable index listing the equipment and its ma- 
chinery index number, together with the page or tab number 
in the Rough Machinery History Book on which it will be 
found, should be prepared at the front of the book. 

Separate pages, or groups of pages, of the Rough Machin- 
ery History Book are devoted to individual units of ma- 
chinery. At the beginning of the first page for each unit 
there should be entered such identifying and name-plate data 
as the index number, which is the same as the Machinery 
History Card ; a description of the unit (name, manufacturer, 
type, size, serial number) ; the location (space, compartment, 
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and frame) ; applicable BuShips plant number and title 
proper identification of the manufacturer's instruction booh 
and information regarding repair parts and special tool* 
This information is identical with the data recorded in th 
ship's Machinery Index, maintained in the log room, an< 
can be copied directly from that record. 

Entries in the history should be a record of all repairs made 
and parts renewed on each piece of machinery, along with 
the date of repairs and the name of the individual making 
them. The idea is to make the entries brief, but complete. 
List only the facts and data which are essential for future 
knowledge of work done on the machine. Include such main- ? 
tenance and repair information as : date when oil or zinc was 
renewed, the amount and type of oil, when packing was 
renewed, important tests, repair parts used, measurements 
taken, and other technical data. 

Zinc Check-Off Charts 

Because of the importance of zinc pieces in the preven- 
tion of galvanic action in the ship's machinery, zinc inspec- 
tion and renewal check-off charts (shown in fig. 18-14) are 
prepared for most ships. Ships that are not furnished 
charts should make up their own charts. With the use of 
these charts, supervisor personnel can be fairly certain 
that all zincs are included in the maintenance program. The 
zincs must be inspected and cleaned monthly, more often 
if they become coated or disintegrate rapidly. If the zinc 
plates or pencils weight only 50 percent of their original 
weight, after cleaning, they should be replaced. j 

This chart lists each zinc piece installed in the ship's air 
compressor plant, distilling plant, main and auxiliary con- 
densers, and other heat exchangers, and various pumps used 
in salt-water systems. Information given for each zinc in- 
cludes the machinery location, machinery name, zinc loca- 
tion in the machinery, number of zinc pieces at the location, 
type of zinc pieces installed, dates of inspection, and whether 
zincs were renewed at the inspection. 
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The types of zincs installed are listed and described on 
the right-hand side of the chart. The standard shapes 
(pencil, disk, and rectangular plate) are listed according to 
the various specifications. Other shapes and sizes peculiar 
to a ship are sketched and described in the spaces provided. 

A supply of zinc pencils and plates is maintained on board 
ship. Zinc pencils, and in many cases zinc plates, are manu- 
factured from rod and plate stock by the ship's machine shop 
personnel. A zinc chart, or other form of detailed data, 
must be kept on hand by the person in charge of the machine 
shop, so that the shop can produce a reserve supply of the 
various types of zincs. 

Packing Charts 

Each vessel should have a chart (or charts) showing the 
packing required for each piece of machinery, hull fittings, 
and piping system, listing thereon the appropriate symbol 
number, the amount, and the size of the packing. A packing 
chart which gives detailed instructions in regard to packing 
material and gaskets should be posted in each engineroom 
or engineering space. This chart should be prepared from 
the plan material lists (blueprints), manufacturers' instruc- 
tions, and applicable chapters of BuShips Manual. Navy 
symbol numbers should be used whenever possible. To 
simplify the preparation of requisitions and to ensure that 
proper stocks are maintained, the packing charts should also 
include quantities installed and stock catalogue numbers. It 
is the responsibility of an MMl or C to check packing and 
gaskets being installed, to ensure that proper material and 
procedures are being used for each type of job. 

MISCELLANEOUS RECORDS AND PUBLICATIONS 

In addition to the records discussed up to this point, there 
are several other miscellaneous records and publications with 
which you, as an MMl or C, may be concerned. These in- 
clude Operating Instructions and Safety Precautions, Work 
Request Memoranda, BuShips Manual, BuShips Journal, 
and manufacturers' instruction books. 
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Operating Instructions and Safety Precautions 

A master list of all the engineering department posted 
operating instructions and safety precautions is kept on file 
in the log room. When a new ship has been built, the build- 
ing yard normally provides a master copy in addition to 
posting the individual operating instructions and safety pre- 
cautions throughout the engineering spaces. In case any 
of the posted operating instructions and safety precautions 
are damaged or lost, a duplicate copy can be readily made up 
from the master list. Plastic sheets are provided on many 
ships for the posted operating instructions and safety pre- 
cautions. Depending upon the type of ship that you are on, 
these plastic posters usually can be made up or requisitioned. 

In cases where operating instructions and safety precau- 
tions are not provided, they should be made up by the ship's 
force. The required instructions can be obtained from the 
manufacturers' instruction books and the applicable chap- 
ters in BuShips Manual. 

Work Request Memoranda 

An interdepartment routine request for work requiring 
assistance by another shipboard department is referred to as 
a ship's memorandum work request. Such a form enforces 
proper channeling of a work request between departments, 
and permits the setting up of priorities of available man- 
power and facilities. The work request memoranda is a form 
which is made up by the ship ; however, some ships use the 
Repair Record Card, or the repair work request for this 
purpose. 

BuShips Manual 

BuShips Manual is issued for the information and guid- 
ance of naval personnel. Administrative and technical in- 
structions which are not included in Navy Regulations, but 
which are deemed necessary for a clear understanding of 
the requirements of the work under the cognizance of Bu- 
Ships, are given in this publication. The data and instrac- 
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tions pertaining to the machinery installations of Navy 
ships are, to some extent, general in nature. BuShips Manual 
instructions are in accordance with what is considered the 
best engineering practice for the operation, maintenance, 
and repairs of machinery and equipment. In order to clar- 
ify the instructions, brief descriptions of type units, or plants, 
have been included. For complete information on details 
of design, blueprints or drawings should be consulted. For 
details of description, operation, adjustment, and care of 
machinery, the manufacturers' instruction books should be 
studied. 

A bound copy, and usually individual chapters, of Bu- 
Ships Manual are maintained on file in the log room. As an 
MM1 or C, you should be familiar with the various chapters 
that pertain to your rating. You may obtain copies of in- 
dividual chapters from the Superintendent of Documents, 
Government Printing Office, Washington, D. C. 

BuShips Journal 

The BuShips Journal is a relatively new publication, ap- 
pearing monthly. This journal replaces other previous pub- 
lications such as BuShips Bulletin of Information, Industrial 
Notes, and Shop Notes. A number of the articles in the Bu- 
Ships Journal deal with engineering operations, mainte- 
nance, and repairs. As an MM1 or C, you should make a 
practice of reading those articles in BuShips Journal that 
are applicable to your rate. If not otherwise provided, this 
publication can be obtained from the log room Yeoman. 

Manufacturers* Instruction Books 

These instruction books are furnished for machinery and 
equipment on board ship and, in nearly all cases, are pre- 
pared by the manufacturer of the individual piece of equip- 
ment. Care should be taken to see that instruction books are 
provided for each unit of machinery and equipment on board 
ship. A complete file of manufacturers' instruction books 
is maintained in the log room. Appropriate instruction 
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books are sometimes maintained in other engineering spaces. 

As an MMl or C, you must have a detailed knowledge of 
the machinery and equipment which you are responsible for 
operating, maintaining, and repairing. 

BLUEPRINTS AND PLAN INDEXES 

In order to be proficient in all phases of his work, the MM 
should possess a thorough knowledge of blueprints (photo- 
graphic prints, blue, white, or any other color, used for copy- 
ing drawings or plans) and should be familiar with the 
method used for filing them. Each ship has a certain allow- 
ance of blueprints that should be properly filed, inventoried, 
and kept up to date. 

Although all ships use the same system of filing blue- 
prints, according to their assigned code number, each ship 
will not have the same number of file jackets, with identical 
subject-matter groups and plan numbers. The number as- 
signed to a blueprint for identification and filing purposes is 
composed of several groups. For example, in the BuShips 
plan number CA139-S5101-525802, the group CA139 desig- 
nates the class of ship to which the plan applies. The next 
group is S5101, which is the "S" (subject-matter) group or 
material file number. In this case it is a blueprint on the 
general arrangement of a boiler front. The group 525802 
is the individual plan number. Another example of a plan 
number is DE51-S4602-1, where DE is the ship class, S4602 
is the subject-matter filing number (in this case condensers), 
and 1 is the individual plan number. 

In cases where an alteration has been made, the blueprint 
will also have an alteration number; for example, in blue- 
print number CA139-S5103-528155 Alt. 4, the "Alt. 4" is 
the alteration number. If all the alterations have been com- 
pleted, the plan with "Alt. 4" is kept on file and the previous 
ones (Alt. 1, Alt. 2, and Alt. 3) are disposed of. When 
working from blueprints, care must be taken to see that you 
have an up-to-date plan and not one that is obsolete. This 
can be done by checking the "Alt" numbers and date of 
alteration. If the last alteration has not been completed, the 
shop concerned will keep two blueprints on file until such 
times as the alteration has been completed. In this case 
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the two plans would be CA139-S5103-528155 Alt. 3 and 
CA139-S5103-528155 Alt. 4. 

You may occasionally come upon a blueprint that does not 
have an S classification ; such blueprints pre-date the present 
classification system, which has been in use only since May 
1944. Before that time the plan number for a particular 
plan would simply read "476719 Alteration 2." When you 
find a blueprint with one of these old plan numbers, assign 
the proper S group filing number. In the example above, the 
plan (476719) would be filed under the S2600, since it is a 
plan for the a-c controller for the anchor windlass. 

You must have an understanding of the S group, or mate- 
rial group, classifications and numbering because these are 
used in the filing of blueprints. The Navy Filing Manual 
lists the filing numbers and their subject matter; the same 
system is used for numbering the various chapters in BuShips 
Manual. For example, blueprints for pumps are in the S4700 
group, main turbines are S4100, condensers S4600, and boilers 
S5100. 

For shipboard use, the most satisfactory method of filing 
these blueprints or plans is to fold them and then insert 
them in manila envelopes. Each envelope should be labeled 
with the following information written in the upper left 
corner : S group classification, plan number, alteration num- 
ber (if any), and plan title. 

Each ship is furnished with a list of plans known as the 
"Ship's Plan Index." Ships may also have a typewritten 
index of the plans that are carried on board. The use of an 
index aboard ship is the best method of finding a blueprint. 
Assume that repairs were being made to a main feed pump, 
and a blueprint was needed. The proper procedure would be 
to go to the engineering log room and obtain the Ship's Plan 
Index. If you know the filing number for pumps, you can 
immediately turn to the S4700 group. Here you will find the 
numbers and the titles of the various blueprints listed. From 
the listed titles, you can usually spot the blueprint you want ; 
the number opposite the title is then noted. 

The next step in the procedure is to go to the filing cabinets 
where the blueprints are stowed. The file drawers are labeled 
with the S-group numbers, and the numerical plan number 
sequence of the blueprints which are in the drawer. Pro- 
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ceed to the file drawers marked S4700 and look for the numer- 
ical sequence that your desired blueprint would come under. 
For example, if the individual plan number of the desired 
blueprint was 527903 and the file drawer marked "S4700- 
527807 through 528014" was located, you would know that 
the desired plan was in this drawer. The individual blue- 
print is then removed from the manila envelope, which re- 
mains in its proper place in the file, and checked to make sure 
it is the plan that has the required information. So that 
the whereabouts of plans removed from the files will always 
be known, plans should be signed for, either on the manila 
envelope, or on an index card, or in a book kept for that 
purpose. 

ENGINEERING REPORTS 

In addition to maintaining the operating, maintenance, 
and miscellaneous records, the engineer officer and the petty 
officers are also responsible for preparing a large number of 
reports essential to the efficient administration of the engi- 
neering department. Reports serve to keep BuShips and 
naval activities informed of the daily operations. 

Material Analysis Data Report (NAVSHIPS 3621) 

The purpose of the Material Analysis Data and Repair 
Parts Usage Report, shown in figures 18-15 and 18-16, is to 
indicate the cause and frequency of repairs and the repair 
parts used. This report should be submitted to BuShips 
whenever a repair part is used for machinery, equipment, or 
hull repair. There are two codes used in making out this 
report : the cause and remedy codes. These codes are in- 
cluded with the pads of forms issued to the ships of the fleet. 

On the face of the form is filled in such information as 
the type, model, serial number, manufacturer's number and 
contract number of the machinery or equipment. On the 
reverse side, the name, number, and quantity of repair parts 
used are identified. However, if the old part was repaired 
and revised, the action taken is shown by using the code 
numbers on the buff-colored sheet found in the pad. 

All repairs are reported, but only one repair is listed on 
each sheet. The repair is identified as clearly as possible. 
The completed report is forwarded promptly to BuShips. 
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Operating Data Sheet (NAVSHIPS 3624) 



The Operating Data Sheet is submitted by all steam-pro- 
pelled vessels in service or in commission. This report pro- 
vides BuShips with data to be used in the analysis of ship 
performance and to afford a basis for design comparison. 
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Figure 1 8-1 7. — Monthly Summary Sheet. 
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If the ship is not under way for the full month, this fact 
should be noted on the face of the report, but the data re- 
quired for sections VII, VIII, and IX on the back of the form 
are recorded. 

All columns applicable to the type of vessel should be 
completely filled in. Where data cannot be taken because of 
a lack of meters or instruments, an "X" should be inserted 
opposite the specific entry. Where correct or accurate data 
cannot be given because the instruments are unreliable, a 
"U" should be entered opposite the specific item. 

This report is submitted monthly by all steam-propelled 
vessels in commission, or in service. One report of 10 runs 
is the minimum monthly requirement. Data are to be col- 
lected during normal operating practice when all usual serv- 
ices are being provided and can be taken from various fire- 
room, engineroom, and other logs, either during or after the 
run. A run will last for 1 hour regardless of the conditions 
which preceded or followed the particular hour chosen. 

Monthly Summary (OPNAV 3540-1) 

The Monthly Summary (OPNAV 3540-4, REV 12-53), 
a monthly resume of engineering department operations, 
should be submitted each month by all ships of the active 
fleet. 

A sample of this form is given on page 613. Detailed 
information in regard to filling out this form is available in 
the ship's log room. 

DISPOSAL OF ENGINEERING DEPARTMENT RECORDS 

Before any engineering department records are destroyed, 
the Records Disposal Instructions for Vessels of the United 
States Navy (OPNAV INSTRUCTION 525.1) should be 
studied. This pamphlet informs vessels of the Operating 
Forces of the procedures used for records. For each depart- 
ment aboard ship, these instructions list permanent records 
which must be kept, and temporary records which should 
be disposed of. 
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Engineering Log and Engineer's Bed Book 

Both the Engineering Log and the Engineer's Bell Book 
sheets must be preserved as permanent records on board ship 
for a 3-year period unless they are requested by a naval 
court or board, or by the Navy Department. In the latter 
case, a copy (preferably photostatic) of such sheets, or parts 
of these records that are sent away from the ship, is certified 
by the engineer officer as a true copy for the ship's files. 

At regular intervals, such as each quarter, the parts of 
those records that are over 3 years old are destroyed. Should 
a vessel be placed in inactive status, the current books, less 
than 3 years old, should be retained. If a vessel is decom- 
missioned for disposal or scrap, the current books are for- 
warded to the nearest Naval Records Management Center. 

Operating and Performance Records 

Operating logs and performance records (check-off lists, 
work books, packing charts, etc.) should be kept for at least 
6 months before being destroyed. 

Material History Cards 

Material History Cards may be destroyed when the in- 
dividual record has become obsolete by virtue of the fact 
that the material has been replaced or disposed of. New 
cards are made out for new equipment or machinery that has 
been installed on board ship. 

Data appearing in the "Remarks" space of the Material 
History Cards should be retained for a period of not less than 
5 years; it may then be destroyed at the discretion of the 
CO. However, if a ship is decommissioned, this informa- 
tion should be retained on board the ship. 

Current Ship's Maintenance Project Cards 

After any repair work or alteration is completed, and 
entries made on the Material History Cards, the CSMP 
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cards are transferred to a separate "work completed" file, 
where they should be retained for a period of 2 years before 
disposal. 

deports 

Any reports and returns forwarded to, and received from 
BuShips or superior command may be destroyed when 2 
years old, if they are no longer required for any other 
purpose. 

After a notation has been made, on the Material History 
Card, that the machinery or equipment has been com- 
pletely overhauled, the Material Analysis Data Reports 
(NAVSHIPS 3621) may be destroyed. 

It is important that only those reports which are either 
required, or serve a specific purpose, be maintained on board 
ship. However, any report or record which will assist per- 
sonnel in scheduling work or making repairs, and which 
will supply personnel with information which is not con- 
tained elsewhere in publications or manuals, should be kept 
on board ship. 

SUMMARY 

Since the proper recording of specific operating and main- 
tenance data will be required of you wherever you may be 
assigned, it is important that you have a working knowledge 
of what records and reports must be maintained. 

As an MM1 or C, you will have additional supervisory 
duties which require that you have a greater knowledge of 
engineering records and reports, along with the associated 
administrative procedures. 

In order to be proficient in all phases of your work, yon 
must possess a good knowledge of blueprints and an under- 
standing of the method of filing blueprints in the Navy. 

QUIZ 

1. Where does the data for all engineering records and reports 
originate? 

2. What is the Material History? 

3. What card is used to record reciprocating pump measurement? 
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4. What card is used to keep a record of all repairs pending? 

5. When an alteration is pending, what should be done with the 
Alteration Record Card? 

6. When should repair requests arrive at the naval shipyards for a 
routine overhaul period? 

7. How should the individual repair work items be listed? 

8. Repair requests should be worded so as to provide the repair 
activity with what information? 

9. To whom should work requests for routine repairs, to be accom- 
plished by tenders or repair ships, be submitted? 

10. Where is a record of all pending repairs, whether performed by a 
naval shipyard, or by a repair activity, maintained? 

11. In what form are requests for alterations submitted? 

12. What are the official legal records maintained by the engineering 
department of the ship? 

13. How should entries that have been made in error on the Engineer- 
ing Log Sheet be treated? 

14. Who is primarily responsible for proper entries in the Engineer's 
Bell Book? 

15. Which routine check-off list requires the inspection of parts under 
vacuums for leaks when steaming? 

16. How often should oil in all self-oiling bearings be inspected or 
tested? 

17. Data entered in the work books (Rough Machinery Histories) 
are transferred to what cards? 

18. How often are the zinc pencils or plates of the ship's machinery 
inspected and cleaned? 

19. What record shows the packing required for each piece of ma- 
chinery and piping system in a major engineering space? 

20. What is done before any original page of the Engineering Log 
is sent away from the ship to a naval court or board? 

21. Where can one find a list of filing numbers, and subject-matter 
references, for use in locating blueprints? 

22. In the blueprint filing system used aboard ship, how is the 
subject-matter group indicated? 

23. What report has been initiated for the purpose of enabling 
BuShips to determine the extent to which the repair parts have 
been used by the ships of the fleet? 

24. What is the purpose of the Operating Data Sheet? 

25. When is it permissible to destroy old Engineering Log and Bell 
Book Sheets? 

26. When is it permissible to destroy old operating records? 
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CHAPTER 



FORMAL INSPECTIONS AND TRIALS 

A naval ship must be inspected from time to time to ensure 
that her operation, administration, and material are main- 
tained at a high standard of readiness for war. The fre- 
quency with which the various types of inspections are held 
is determined by CNO, the fleet commander, and the type 
commander. As far as the ship is concerned, the type com- 
mander usually designates the type of inspection and when 
it will be held. 

A ship is frequently notified some time in advance when 
an inspection will take place, but preparation for an in- 
spection should not be postponed until the notice of inspec- 
tion is received. It is a mistake to think that a poorly ad- 
ministered division or department can, by a sudden burst 
of energy, be prepared to meet the inspector's eagle eye. By 
using proper procedures, and keeping up to date on such 
items as repair work, maintenance work, operating proce- 
dures, training of personnel, engineering casualty control 
drills, Material History Cards, CSMP, operating records, 
and other records and reports, you will always be ready for 
an inspection. 

Your ship may be required to furnish the inspecting party 
that will make an inspection on another ship. Should this 
occur, you as an MM1 or C may be assigned the duty as an 
assistant inspector. Therefore, you should know something 
about the different types of inspections and how they are 
conducted. 
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ADMINISTRATIVE INSPECTION 



Administrative inspections cover administrative methods 
and procedures normally employed by the ship, and each in- 
spection is divided into two general categories — the general 
administration of the ship as a whole, and the administra- 
tion of each department. In this discussion we will con- 
sider the engineering department only. 

The purpose of the administrative inspection is to deter- 
mine (1) that the department is being administered in an 
intelligent, sound, and efficient manner, and (2) that the or- 
ganizational and administrative methods and procedures are 
directed toward the objective of every naval ship— namely, 
being prepared to carry out her intended mission. 

Inspecting Party 

It is a routine procedure for one ship to conduct an inspec- 
tion on another ship within the division. General instruc- 
tions for conducting the inspection are usually given by the 
division commander; however, the selecting and organizing 
of the inspecting party is done aboard the ship that has 
received instructions to conduct the inspection. 

The Chief Inspector, usually the commanding officer of 
the ship, will organize the assisting board. The organiza- 
tion of the assisting board is in general conformance with 
the departmental organization of the ship. It is divided into 
appropriate groups, each headed by an inspector with assist- 
ant inspectors as necessary. Chief petty officers are usually 
selected as assistant inspectors, and on small ships, petty 
officers first class may also be assigned duties as assistant 
inspectors. 

The engineering department inspecting group (or party) 
will be organized and supervised by the engineer officer. 
The manner in which the inspection will be carried out will 
depend to a great extent upon the knowledge and ability of 
the assistant inspectors. 
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General Inspection of the Ship 

One of the two categories of the administrative inspection 
is that of the general administration of the ship as a whole. 
Items of this inspection that will have a direct bearing on 
the engineering department, and for which the report of 
inspection indicates a grade, are as follows: 

1. Appearance, bearing, and smartness of personnel. 

2. Cleanliness, sanitation, smartness, and appearance of 
the ship as a whole. 

3. Adequacy and condition of clothing and equipment of 
personnel. 

4. General knowledge of personnel in regard to the ship's 
organization, ship's orders, and administrative procedures. 

5. Dissemination of all necessary information among the 
personnel. 

6. Indoctrination of newly reported personnel. 

7. General educational facilities for individuals. 

8. Comfort and conveniences of living spaces, including 
adequacy of light, heat, ventilation, and fresh water, with 
due regard for economy. 

Engineering Department Inspection 

The administrative inspection is primarily an inspection 
of the engineering department paper work, which includes 
numerous publications, bills, files, books, records, and logs. 
However, the inspection will also include other items with 
which the chief and first class will be more concerned. Some 
of these items are the cleanliness and preservation of 
machinery and engineering spaces; training of personnel; 
assignment of personnel to watches and duties; the proper 
posting of operating instructions and safety precautions; 
adequacy of warning signs and guards; the marking and 
labeling of lines and valves ; and the proper maintenance of 
operating logs. 



620 



Administrative Inspection Check-Off Lists 

Administrative inspection check-off lists are usually fur- 
nished to the ships by the type commander. These lists are 
used as an aid for inspecting officers and chiefs, to assist them 
in ensuring that no important item is overlooked. Inspect- 
ing personnel should not accept these lists as being all-inclu- 
sive. It usually develops, during an inspection, that there 
are additional items to be considered or observed. 

As a CPO, you should be familiar with the various check- 
off lists used for inspections. The check-off lists will give 
you a good understanding of how to prepare for an inspec- 
tion as well as how to carry out your daily supervisory duties. 
You will find it helpful to obtain copies of the various inspec- 
tion check-off lists from the log room and to carefully look 
them over. They will give detailed information for your 
type of ship. 

You can get a better understanding of the scope and pur- 
pose of administrative inspections, as compared to other 
types of inspections, from the following abbreviated sample 
of an engineering department check-off list : 

1 . Bills for Both Peace and War : 

a. Inspect the following, among others, for complete- 
ness, correctness, and adequacy : 

(1) Department Organization. 

(2) Watch, Quarter, and Station Bills. 

(3) Engineering Casualty Bill. 

(4) Fueling Bill. 

2. Administration and Effectiveness of Training : 

a. Administration and effectiveness of training of per- 
sonnel for current and prospective duties : 

(1) Are sufficient nonrated men in training to re- 
place anticipated losses? 

(2) BuPers training courses : 

(a) Number of men enrolled. 

(b) Percentage of men in department en- 
rolled. 
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(c) Number of men whose courses are com- 
pleted. 

(3) Are personnel concerned familiar with operat- 
ing instructions and safety precautions? 
(Question personnel at random.) 

(4) Are personnel concerned properly instructed 
and trained to handle casualties to machinery ? 

(5) Are personnel properly instructed and trained 
in damage control ? 

(6) Are training films available and used to the 
maximum extent? 

( 7 ) Are training records of personnel adequate and 
properly maintained? 

3. Dissemination op Information Within Department : 

a. Is necessary information disseminated within the 
department and divisions? 

b. Are the means of familiarizing new men with de- 
partment routine orders and regulations considered 
satisfactory? 

4. Assignment op Personnel to Stations and Watches : 

a. Are personnel properly assigned to battle stations 
and watches? 

b. Are sufficient personnel aboard at all times to get 
the ship under way ? 

c. Are men examined and qualified for important 
watches? 

d. Does it appear that men on watch have been prop- 
erly instructed? (Question personnel at random.) 

5. Operating Instructions, Safety Precautions, and 

Check-Ofp Lists : 

a. Inspect completeness of the following: 

(1) Operating instructions posted near machinery 

(2) Posting of necessary safety precautions 

b. Are check-off lists (daily, weekly, monthly, etc.) 
properly maintained ? 

c. Are weekly tests and inspections of safety devices 
properly carried out ? 
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d. Are responsible personnel familiar with current in- 
structions regarding routine testing and inspections? 

e. Are lighting-off and securing sheets properly used? 

6. Procedures for Procurement, Accounting, Inven- 
tory, and Economy in Use of Consumable Supplies, Re- 
pair Parts and Equipage : 

a. Is an adequate procedure in use for replacement of 
repair parts? 

b. Are there adequate measures used to prevent exces- 
sive waste of consumable supplies? 

c. Is there proper supervision in the proper supply of, 
care of, and accountability for hand tools? 

d. Are inventories taken of repair parts which are in 
the custody of the engineering department? 

e. How well are repair parts preserved and stowed? 

f . What type of system is used to locate a repair part 
carried on board ? (Have a chief or first class petty 
officer explain to you how he would obtain a repair 
part for a certain piece of machinery.) 

g. Are custody cards properly maintained for account- 

able tools and equipment? 

7. Maintenance of Records and Logs : 

a. Inspect the following for compliance with pertinent 
directives, completeness, and proper form: 



(1) 


Engineering Log. 


(2) 


Bell Book. 


(3) 


Operating Records. 


(4) 


Machinery History. 


(5) 


Current Ship's Maintenance Project. 


(6) 


Alteration and Improvement Program. 


(7) 


Machinery Index. 


(8) 


Daily Oil and Water Records. 


(9) 


Engineering Reports. 


(10) 


Training Logs and Records. 


(11) 


Work Books for Engineering Spaces. 
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8. Availability and Correctness of Publications, Di- 
rectives and Technical Reference Material: 

a. Engineering Blueprints Recommended : 

(1) Ship's Plan Index (SPI). 

(2) Proper indexing of blueprints. 

(3) Completeness and condition. 

b. Manufacturers' Instruction Books : 

(1) Proper indexing. 

(2) Completeness and condition. 

c. Type Commanders Material Letters. 

d. BuShips Manual. 

e. General Information Book. 

f. Booklet Plans of Machinery. 

9. Cleanliness and Preservation : 

a. Preservation and cleanliness of space (including 
bilges). 

b. Preservation and cleanliness of machinery and 
equipment. 

c. Neatness of stowage. 

d. Condition of ventilation. 

e. Condition of lighting. 

f. Compliance with standard painting instructions. 

OPERATIONAL READINESS INSPECTION 

The operational readiness inspection consists of a demon- 
stration on the part of the ship of her readiness and ability 
to perform the operations which might be required of her in 
time of war. 

The inspection will consist of the conduct of a battle prob- 
lem and other operational exercises. A great deal of em- 
phasis will be placed on AA and surface gunnery, damage 
control, engineering casualty control and other appropriate 
exercises. Drills such as Man Overboard, Preparations to 
Abandon Ship, Fire, and Collision will be held and observed. 
The ship will be operated at full power for a brief period 
of time. 
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The over-all criteria of performance will be : 

1. Can the ship as a whole carry out her operational 
functions ? 

2. Is the ship's company well trained, well instructed, 
competent, skillful, and adept in all phases of the evolutions ? 

3. Is the ship's company stationed in accordance with the 
ship's Battle Bill, and does the Battle Bill meet wartime 
requirements? 

Observing Party 

The personnel and organization of the operational readi- 
ness observing party will be about the same as that of the ad- 
ministrative inspection party. However, more personnel are 
usually required in the operational readiness observing 
party, and these additional personnel are very often chiefs 
and first class petty officers. 

The observing party members should be briefed in ad- 
vance of the scheduled exercises and drills that are to be 
conducted. The observers must have sufficient training 
and experience so that they can properly evaluate the exer- 
cises and drills that are to be held. Each observer will 
usually have an assigned station. He should be well quali- 
fied in the procedure of conducting drills and exercises for 
that station. It is highly desirable that each observer be 
intimately familiar with the type of ship to be inspected. 

Battle Problems 

In this discussion we will consider the battle problem from 
the viewpoint of the observer, and present some general in- 
formation* on the requirements and duties of a member of 
the engineering department observing party. Then, know- 
ing the viewpoint and duties of an observer, you can prepare 
yourself and your men for a battle problem and other ap- 
propriate exercises. 

Preparation of a Battle Problem. The degree of per- 
fection achieved in any battle problem is a direct reflection 
of the skill and application of those who prepare it. A great 
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deal depends upon the experience of officers and chief petty 
officers. 

The primary purpose of a shipboard battle problem is to 
provide a medium for testing and evaluating the ability of 
all divisions of the engineering department to function to- 
gether as a team in simulated combat operations in order to 
accomplish the mission assigned by the problem. 

Battle problems can be made the most profitable and sig- 
nificant of all peacetime training experience, since they dem- 
onstrate how ready a department is for combat. The degree 
of realism of this test governs its value : the more nearly it 
approximates actual battle conditions, the more valuable it is. 

Conduct of a Battle Problem. There is one element in 
conducting a battle problem which increases its value to the 
ship's company : the element of surprise. Of course, prepa- 
rations for carrying out a problem can't be kept entirely a 
secret. Before a battle problem is to be conducted, the ship 
is furnished information such as : 

1. Authority for conducting the inspection. 

2. Time of boarding of the inspecting party. 

3. Time ship is to get under way. 

4. Time for setting the first material readiness condition. 

5. Time of conducting inspection for zero problem time 
conditions. 

6. Zero problem time, 

7. End of problem time. 

8. Time of critique. 

Observers should be proficient in the proper methods of 
introduction of information. Tn general, information de- 
livered to ship's personnel should be verbal when practicable, 
and only that information which ship's personnel would 
logically determine from procedure and adequacy of investi- 
gation on search should be f urnishd by the observer. Should 
the inadequacy of procedure by ship's personnel result in the 
nondiscovery of a casualty imposed, observers may resort to 
coaching, but a notation should be made on the observer's 
form as to the time allowed before coaching and information 
were furnished. Special precautions should be taken to give 
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the symptoms of casualty the same degree of realism that 
they would have if the casualty were actual rather than 
simulated. 

In order to impose casualties, valves may have to be closed, 
switches opened, or machinery stopped. In each case the 
observer should inform responsible ship's personnel of the 
action desired, and the ship's personnel should operate the 
designated equipment. A casualty should be simulated, or 
omitted entirely, if there is danger that personnel injury or 
material damage might result because of lack of preparation 
or experience of personnel concerned. The supply of lubri- 
cating oil to the main engines or the supply of feed water to 
the boilers MUST NOT be stopped to simulate casualties. 

An emergency procedure is set up, by the observing party 
and ship's company, to take proper action in case actual casu- 
alties — as distinguished from simulated or problem casual- 
ties — should occur. 

The general announcing system (the IMC circuit) may be 
used by the ship but observers normally will have priority in 
its use. The problem time announcer will use the general 
announcing system to announce the start of the battle prob- 
lem, the problem time at regular intervals, the conclusions 
of the problem, and the restoration of casualties. However, 
the general announcing system is kept available at all times 
for use in case of actual emergency. All other announcing 
system circuits and all other means of interior communica- 
tions are reserved for the use of the ship. 

Engineering telephone circuits should be monitored by one 
or more observers. A check should be made for proper pro- 
cedure and circuit discipline, and for handling of informa- 
tion or casualties. 

An inspection should be made to see that the engineering 
plant is properly split in accordance with current directives. 
Any fire hazards such as paint, rags, or oil should be noted. 
Check for missile hazards such as loose gear, loose floor 
plates, tool boxes, and repair parts boxes. The condition 
°f fire fighting, damage control, and remote control gear 
should be carefully inspected. 
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Analysis of the Battle Problem. The maximum benefit 
obtained from conducting a battle problem lies in the deter- 
mination of existing weaknesses and deficiencies, and the 
resulting recommendations for improvement in organization 
and future training. Every effort should be made by ob- 
servers to determine excellencies as well as deficiencies; a 
knowledge of existing excellencies by ship's personnel is 
helpful to morale and indicates those factors that presently, 
at least, may receive less emphasis in the shipboard training 
program. 

Analysis of the battle problem affords the observers an 
opportunity to present to the ship their opinion of her per- 
formance, and for the ship to comment on the observers' 
remarks and to consider suggested improvements in doctrine 
or material. Analysis is conducted in two steps ; the critique 
and the observers' reports. 

A critique of the battle problem should be held on board 
the observed ship before the observing party leaves, in order 
that a review of the problem and the action taken may be 
made when both are fresh in the minds of all concerned. The 
critique is attended by all the ship's officers, appropriate chief 
and first class petty officers, the Chief Observer, and all 
Senior Observers. The various points of interest of the 
battle problem are discussed, and the Chief Observer com- 
ments on the over-all conduct of the problem after the Senior 
Observers have completed their analysis of the battle problem 
as developed from their observers' reports. 

The observers' reports will be in the form prescribed by 
the type commander, and will include any additional in- 
structions given by the Chief Observer. The reports of 
the observers are collected by the Senior Observer for each 
department. Senior Observers submit their reports to the 
Chief Observer. All observers' reports are reviewed by the 
Senior Observer for the requisite department before the 
critique is held. 

The observers' reports also serve to furnish the inspected 
ship with detailed observations of the battle problem which 
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may not, because of time limitations, be brought out during 
the critique. The inspected ship receives a copy of all ob- 
servers' reports; in this way, each department is given the 
opportunity to view the detailed comments and to set up a 
training schedule to cover weak points. 

A brief example of an engineering observer's report form 
is given as follows : 

Engineering Observer 

Location 

1. The engineering department's evaluation is based on: 
(a) extent of the department's preparation and fulfillment 
of the ordered conditions of readiness as appropriate to the 
problem, (b) extent of correct utilization of the engineering 
damage control features built into the ship, (c) extent to 
which proper engineering casualty control is accomplished, 
(d) extent to which on-station personnel take corrective ac- 
tion for control of damage, (e) adequacy of reports and dis- 
semination of information, and (f) the general handling of 
the plant in accordance with good engineering practice, and 
the ability of the department to ensure maximum mobility 
and maneuverability of the ship and to supply all necessary 
services to other departments in fighting the ship. 

2. Hit 

Exercise : 

a. Preparation and status cl the plant. 

b. Fulfillment of proper condition of readiness. 

c. Fire and missile hazards. 

d. Condition of fire-fighting and damage control gear. 

e. Condition of personnel clothing and protection. 

f. Stationing and readiness of personnel. 

g. Investigation and interpretation of casualty. 

h. Promptness and effectiveness in taking care of 
casualty. 

i. Were proper doctrine and procedures used ? 

j. Were prompting and additional information given 

by observer? 

k. Were proper reports made? 
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L Readiness of standby units. 

m. Readiness of alternate and emergency lighting and 
power. 

n. Were proper safety precautions observed? 

o. Material deficiencies. 

p. Coordination of personnel. 

q. Coordination of engineering spaces. 

3. Main Engine Control. Receipt of vital interior com- 
munications, origination and transmissions of required re- 
ports to Conn, Damage Control Central, and other stations. 

4. Action taken by main engine control : 

a. Correct action. 

b. Sound judgment based on good practice. 

c. Assurance. 

d. Speed. 

5. Recommendations. 

The blank parts of the observers' report forms are filled 
in as applicable to the individual observer's station. Items 
that were not observed by him are either left blank or crossed 
out Additional information, if required for a certain exer- 
cise or condition, may be written on the reverse side of the 
form. A separate form or sheet is used for each exercise 
or drill. Remarks or statements made by the observer should 
be clear and legible. 

MATERIAL INSPECTION 

The purpose of material inspection is to determine the 
actual material condition of the ship in regard to the ability 
to perform all functions for which the items were separately 
and interrelatedly designed. On the basis of what the in- 
spection discloses, it may be necessary to recommend repairs, 
alterations, changes, or developments which will ensure the 
material readiness of the ship to carry out the mission for 
which she was designed. In addition, the material inspec- 
tion determines whether or not proper procedures have been 
carried out in the care and operation of machinery and 
equipment. Administrative procedures and material rec- 
ords which are inspected include such items as Material 
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History Cards, CSMP, and routine tests and inspections. 

In brief, the prescribed requirements for material readi- 
ness are as follows : 

1. Established routines for the conduct of inspections and 
tests, schedules for preventive maintenance, and a system 
which will ensure timely and effective repairs 

2. Adequate material maintenance records, that are kept 
in accordance with current directives and that will give the 
history and detailed condition of machinery and equipment 

3. Planned and effective utilization of the ship's facili- 
ties for preservation, maintenance, and repair 

4. Correct allocation of necessary work to the following 
categories: (a) the ship's force, (b) the tenders and repair 
ships, and (c) the naval shipyards or other shore repair 
activity 

The scope of the inspection will be similar to that of in- 
spections made by the Board of Inspection and Survey. The 
inspection should be thorough and searching, and cover de- 
tailed maintenance and repair rather than general appear- 
ance. The distinction between administrative inspections 
and material inspections should be clearly recognized, and 
there should be as little duplication as possible. An examina- 
tion of the material maintenance records and reports will be 
made to obtain data and material history for a proper under- 
standing of the material condition of machinery and equip- 
ment. General administrative methods, general appearance, 
cleanliness of compartments, and cleanliness of machinery are 
not part of this inspection, except in cases where they have 
a direct bearing on material condition. Special painting 
should not be done solely in preparation for material in- 
spection. 

The inspecting party for the material inspection is similar 
to that of the administrative inspection party. 

Preparation for the Inspection 

At an appropriate time prior to the date of the inspection 
the Chief Inspector will furnish the ship with advance in- 
structions, including : 
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1. List of machinery and major equipment to be opened 
for inspection. The limit that a unit of machinery or equip- 
ment should be opened is that which is necessary to reveal 
known or probable defects. The units selected to be opened 
should be representative and, in a multiple-shaft ship, should 
not disable more than one-half of the propulsion units. 
Proper consideration must be given to the ship's operational 
schedule and safety. 

2. List of equipment to be operated. Auxiliary machinery 
such as the anchor windlass, winches, and steering gear are 
normally placed on this list. 

3. Copies of the condition sheets. This is a form of 
check-off list which is used for the material inspection. 

4. Any additional instructions considered necessary by 
the type commander or other higher authority. 

Each department will have to prepare work lists showing 
the items of the CSMP which have been assigned for accom- 
plishment by naval shipyard, tender or repair ship, or ship's 
force during an overhaul or upkeep period. The items must 
be arranged in the recommended order of importance and 
numbered according to current directives. A list of the out- 
standing alterations is also made up for the inspection. 
Work lists usually consist of 5 by 8 cards, with one repair 
or alteration item on each card. The work list should in- 
clude all maintenance and repair items, because material 
deficiencies found during the inspection will be checked 
against the work list. If the item does not appear on the 
work list, a discrepancy in maintaining the CSMP is noted 
by the inspector. 

Condition Sheets. Condition sheets are made up in ac- 
cordance with different material groups. The engineering 
department will be primarily concerned with the machinery, 
the electrical, the damage control, and the hull conditions 
sheets. Condition sheets contain material in form of check- 
off sheets and material data sheets, and consist of a large 
number of pages. Items for data and check-off purposes are 
listed for all parts of the ship, and for all machinery and 
equipment on board ship. 



632 



In advance of inspection, the ship to be inspected must fill 
in a preliminary copy of the condition sheets. In order to 
accomplish this, detailed data must be obtained from the 
Machinery Index, Machinery History, CSMP, and other rec- 
ords and reports. 

An entry of any known fault or abnormal condition of 
machinery or equipment is made, in the proper place on the 
conditions sheets. Details and information are given, as 
necessary, to indicate the material condition to the inspecting 
party. If corrective work is required in connection with a 
unit or space, a reference is made to the work list item. 
Data and information requested in the condition sheets 
should be furnished whenever possible. The preliminary 
copy, if properly filled out, will represent the best estimate 
of the ship as to the existing material condition of the ship. 

When the condition sheets have been completed, they are 
turned over to the respective members of the inspecting party 
upon their arrival on board ship. During the inspection, the 
inspectors will fill in the various check-off sections of the 
condition sheets. These sheets are then used in preparing 
the final inspection report on the condition of the ship. 

For more detailed information concerning your ship, you 
should obtain a copy of the applicable condition sheets from 
the engineering log room. 

Opening Machinery for Inspection. The ship will open 
machinery as previously directed by the Chief Inspector, 
and as considered desirable, in order to obtain the inspector's 
opinion concerning known or probable defects. The infor- 
mation given in chapter 6 of BuShips Manual should be 
used as a guide in opening particular machinery units. 
More detailed information on opening machinery for mate- 
rial inspections will be found in the administrative letters of 
the type commander. 

A list of machinery, tanks, and major equipment opened, 
and the extent of opening, should be supplied to the inspect- 
ing party on its arrival. Test reports on samples of lubri- 
cating oil should be furnished to the machinery inspector. 
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Ship's company should have portable extension lights 
rigged up and in readiness for the units of machinery opened 
up for inspection. The lighting of the space should be in 
good order. The inspectors should be furnished flashlights, 
chipping hammers, file scrapers, and similar items. Pre- 
cision measuring instruments should be readily available. 

The following abbreviated example is used to give you an 
idea of the preparation for inspection of material. It is not 
intended to set up any prescribed method of opening up ma- 
chinery for inspection. 

1. Main Turbines : 

a. Lift at least one-half of the bearing caps. 

b. Furnish a table of the latest bridge gage, depth 
micrometer, or crown thickness readings ; all should 
be furnished if applicable. Any change from origi- 
nal readings should be noted. 

c. Remove inspection plates from the casings and from 
the exhaust trunks. Open casings should not be left 
unattended. Cover plates should be retained in 
place with 2 or more studs, until the arrival of the 
inspection party. 

2. Auxiliary Turbines : 

a. If any are known to be defective in operation, show- 
ing undue vibration, casing leaks, etc., open casing 
and disassemble, if practicable. 

b. Remove inspection plates, if fitted. 

c. Open half of the bearings, if practicable. 

3. Reduction Gears : 

a. Remove inspection plates in the presence of the engi- 
neer officer and the inspecting party. 

b. Furnish tables of bearing data. 

c. Have a sample of oil from the bottom of the lubri- 
cating oil drain tank ready for the inspecting party. 

d. Lift the caps from one-half of the bearings, when 
this can be done without lifting the casing. 

4. Condensers : 

a. Remove inspection plates or manhole covers from 
salt-water and steam sides, as far as practicable. 
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5. Deaerating Feed Tanks : 

a. Remove the inspection plates. 

6. Pumps, Reciprocating : 

a. Open the steam and water cylinders and the valve 
chest of at least one of each type. 

b. Furnish caliper measurements of cylinders, pistons, 
rods, valve chests, throat bushings, etc. (Cylinders 
are to be measured fore and aft and a th wardships, at 
top, middle, and bottom of piston travel.) 

7. Pumps, Centrifugal : 

a. Lift the casings of one pump of each type, if prac- 
ticable. 

b. Furnish measurements of internal clearances (wear- 
ing rings, etc.). 

8. Pumps, Rotary (screw or gear type) : 

a. Open one pump of each type, if practicable. 

b. Furnish recent measurements of clearances (rotor, 
wearing plate, liner, etc., as set forth in chapter 47 
of BuShips Manual). 

9. For all machinery measurements, have constant or de- 
sign clearances available for comparison with actual 
readings. 

Assembly of Records and Reports. The material in- 
spection also includes an inspection of various material rec- 
ords and reports. These documents are assembled so that 
they will be readily available for inspection. Records 
should be kept up to date at all times; it is a good idea to 
check over all records to make sure that they are up to 
date and that nothing has been overlooked. The individual 
records should be filled out and maintained in accordance 
with current directives. Where applicable, the CPO who 
is in charge of an engineering space, or other assignment, 
should check on any records or reports that concern the ma- 
terial or the maintenance procedures of his space or as- 
signment. 

The following is a brief listing of some of the records and 
reports that are checked and studied by the inspectors : 
1. Condition Sheets, filled out for the inspection. 
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2. Copy of the latest Material Inspection Report by the 
Board of Inspection and Survey or by Forces Afloat. 

3. Weekly Hull Reports. 

4. Latest copy of the Docking Report. 

5. Material (Machinery) History. 

6. CSMP. 

7. Machinery Index. 

8. Copy of the last Full Power Run. 

9. Ship's Allowance Lists, by BuShips. 

10. The Work List, prepared for the inspection. 

11. The list of outstanding alterations. 

12. The latest Ship Characteristics Card. 

13. The Ship's Plan Index. 

14. Operating Logs. 

Conduct of the Inspection 

The inspecting group for the engineering department 
should conduct a critical and thorough inspection of the 
machinery and equipment under the cognizance of the de- 
partment. The condition sheets supplied by the type com- 
mander serve as a guide and a check-off list in making the 
inspection. Appropriate remarks, comments, and recom- 
mendations are entered on the condition sheets for the par- 
ticular unit of machinery or equipment. 

The inspectors should conduct the inspection with the 
ship's personnel. No attempt is made to follow a prede- 
termined inspection schedule, but different units are in- 
spected as they are made available by the ship's company. 
If the ship is prepared for the inspection there should be no 
delay between the inspection of the different units of ma- 
chinery. It is not necessary that all machinery of one type 
be inspected simultaneously nor is it necessary to complete 
the inspection of one space before going to another. 

Important items to be covered by the inspection are as 
follows : 

1. All opened machinery and equipment should be care- 
fully inspected, especially where the need of repair work is 
indicated on the work list. 
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2. An investigation should be made to locate any defects, 
in addition to those already known, that may exist in ma- 
terial condition or design. 

3. Operational tests of machinery and equipment, in ac- 
cordance with the furnished list, are observed. 

4. Ensure that electrical equipment is not endangered by 
salt water from hatches, doors, or ventilation outlets. Check 
for possible leaks in piping flanges. 

5. Ensure that currently required fire-fighting and dam- 
age control equipment in the engineering space is installed 
and properly maintained in accordance with current 
directives. 

6. Inspect the supports and running gear of heavy sus- 
pended material such as boiler sliding feet, condenser 
saddles, and turbine supports. 

7. Inspect holding-down bolts, plates, and other members 
of machinery foundations. Make free use of hammers for 
sounding, and of file scrapers for removing paint in order 
to disclose any condition of metal corrosion. 

,8, The condition sheets should be checked to see that all 
the required information has been filled in by the ship being 
inspected, and that all items have been checked off and filled 
in by the inspector. 

9. Ensure that routine tests of mechanical and electrical 
safety devices are being conducted according to current 
directives. 

10. The Material History and CSMP should be carefully 
inspected to see that they are maintained in accordance with 
prescribed procedures. A check should be made to see that 
all known repair requirements are listed in the CSMP. 

Analysis and Reports 

A critique should be held on board the inspected ship, at 
a convenient time after the completion of the material in- 
si>ection, in order that the ship may derive the greatest bene- 
fit from the inspection. It should be attended by the ship's 
commanding and executive officers, heads of departments, 
and such other personnel as may be designated from the in- 
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spected ship, the Chief Inspector, and inspectors of each 
inspection group. 

The inspectors, after receiving data from the assistant 
inspectors, submit reports of their inspections to the Chief 
Inspector. These reports provide a means of furnishing the 
inspected ship with those observations that may not be fully 
discussed during the critique but are of interest to the ship's 
officers concerned. The inspector's report should include 
his evaluation and any recommendations for the items in- 
spected or observed. These reports can be used by the ship 
as a check-off list for corrective action and material 
improvement. 

The Chief Inspector, after receiving the reports from 
the inspectors, will make up his report, evaluating and grad- 
ing the inspection. The Chief Inspector should mention, 
with appropriate comment, the following: 

1. Those conditions requiring remedial action which 
should be brought to the attention of the commanding officer 
of the ship inspected, and to higher authority. 

2. Those conditions of such excellence that their dissem- 
ination will be of value in improvements to other ships. 

3. Those suggestions or recommendations which merit 
consideration by higher authority. 

The final smooth report is written up in a detailed pro- 
cedure in accordance with the type commander's directives. 

BOARD OF INSPECTION AND SURVEY INSPECTION 

The (Main) Board of Inspection and Survey is under the 
administration of CNO. This board consists of a flag offi- 
cer, as president, and of such other senior officers as may be 
required to assist him in carrying out the duties of the board. 
Regional boards and sub-boards are established, as neces- 
sary, to assist the Board of Inspection and Survey in the per- 
formance of its duties. In this discussion we are considering 
the shipboard inspections that are made by the sub-boards. 
These sub-boards consist of the Chief Inspector and about 
10 or more members, depending upon the type of ship that 
is to be inspected. 
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Material Inspections by Board 

The inspection made by the Board of Inspection and Sur- 
vey is in several respects similar to the Material Inspection 
that has just been discussed. In fact, the Board of Inspec- 
tion and Survey's inspection procedure, condition sheets, 
and reports are used as guides in establishing directives for 
the Material Inspection. Hie primary difference, in re- 
gard to material inspections, is that the Material Inspection 
is conducted by Forces Afloat, usually a sister ship, and the 
Board of Inspection and Survey inspection is conducted by 
a specially appointed board. This distinction, however, re- 
fers only to the routine shipboard material inspection. It 
must be remembered that the Board of Inspection and Sur- 
vey conducts other types of inspections which are of a 
different nature. 

Inspections of ships are conducted by the Board of In- 
spection and Survey, when directed by CNO, to determine 
their material condition. This inspection usually takes 
place every 3 to 5 years. Whenever practicable, such in- 
spections should be held sufficiently in advance of a regular 
overhaul of the ship to permit accomplishment, during such 
overhaul, of the authorized work resulting from the Board's 
recommendations. Upon the completion of its inspection 
the Board will report the general condition of the ship and 
its suitability for further naval service, together with a list 
of the repairs, alterations, and design changes which, in its 
opinion, should be made. 

Acceptance Trials and Inspections 

Trials and inspections are conducted by the Board of 
Inspection and Survey on all ships prior to final acceptance 
for naval service, to determine whether or not the contract 
and authorized changes thereto have been satisfactorily ful- 
filled. These inspections are usually conducted before a new 
ship is placed in commission. Similar inspections are made 
on ships that have been converted to other types. All mate- 
rial, performance, and design defects and deficiencies found 
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to exist, either during the trials or as a result of examina- 
tion on completion of trials, are reported by the Board, to- 
gether with its opinion as to the responsibility for correction 
of defects and deficiencies. The Board will recommend any 
changes in design which it believes should be made in the 
ship or in others of its type. Recommendations as to the ac- 
ceptance or rejection of the ship is made to the Secretary 
of the Navy. 

Unless war circumstances prevent, the preliminary ac- 
ceptance trial takes place at sea over an established trial 
course. Tests include full power runs ahead and astern, 
quick reverse, boiler overload, steering, and anchor engine. 
During the trial, the builder's personnel usually operate the 
ship and her machinery. Ship's personnel who are on board 
to observe the trial should carefully inspect the operation 
and material condition of machinery and equipment. Any 
defects or deficiencies should be noted and brought to the at- 
tention of division or engineer officer, so that the items can 
be discussed with the appropriate members of the Board of 
Inspection and Survey. 

Survey of Vessels 

Survey of a vessel is conducted by the Board of Inspection 
and Survey whenever a vessel is deemed by CNO to be unfit 
for further service, because of material condition or ob- 
solescence. The Board will, after a thorough inspection, 
render an opinion to the Secretary of the Navy as to whether 
the vessel is fit for further naval service, or can be made so 
without excessive cost. 

If the Board believes that the vessel is unfit for further 
naval service, the Board will make appropriate recommenda- 
tion as to the vessel's disposition. 

POST REPAIR TRIAL 

There are a number of different types of trials which are 
carried out under specified conditions. To convey a general 
idea of the different trials, a list comprising most of them is 
given here : 
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1. Builder's trials. 

2. Preliminary acceptance trials. 

3. Final acceptance trials. 

4. Post repair trials. 

5. Laying up or pre-overhaul trials. 

6. Recommissioning trials. 

7. Standardization trials. 

8. Tactical trials. 

9. Full power trials. 
10. Economy trials. 

The trials that are considered to be routine ship's trials 
are numbers 4, 9, and 10 of the above list. Post repair, full 
power, and economy trials are the only ones discussed in this 
chapter, but information on the other types of trials can be 
found in chapter 8 of BuShips Manual. 

The post repair trial should be made whenever the ma- 
chinery of a vessel has undergone extensive overhaul, re- 
pair, or alteration which may affect the power or capabilities 
of the vessel or the machinery. A post repair trial is usually 
made when the ship has completed a routine naval shipyard 
overhaul period ; the trial is optional whenever machinery 
has undergone only partial overhaul or repair. The object 
of this trial is to ascertain if the work has been satisfactorily 
completed and efficiently performed, and if all parts of the 
machinery are in every respect ready for service. 

The post repair trial should be held as soon as practicable 
after the repair work has been completed, the preliminary 
dock trial made, and the persons responsible for the work are 
satisfied that the machinery is in all respects ready for a full 
power trial. The conditions of the trial will be largely de- 
termined by the character of the work that has been per- 
formed. The trial should be conducted in such manner as 
the CO may deem necessary. In cases where repairs have 
been slight and the CO is satisfied that they have been satis- 
factorily performed and can be sufficiently tested without a 
full power trial, such trial may be dispensed with. 

Any unsatisfactory conditions beyond the capacity of 



641 



ship's force should be corrected by the naval shipyard. If 
necessary, machinery should be opened up and carefully in- 
spected to determine the extent of any injury, defect, or mal- 
adjustment which may have appeared during the post re- 
pair trial. 

A certain number of naval shipyard personnel — techni- 
cians, inspectors, and repairmen — accompany the ship on a 
post repair trial. The yard personnel witness the operation 
of machinery that has been overhauled by the yard. If a 
unit of machinery is not operating properly, the yard techni- 
cians will carefully inspect it and try to determine the cause 
of unsatisfactory operation. 

Upon the completion of the post repair trial, a report of 
the circumstances and results of the trial is made to CNO and 
to BuShips. 

FULL POWER AND ECONOMY TRIALS 

Trials are necessary to test engineering readiness for wai 
Except while authorized to disable or partially disable, ships 
are expected to be able to conduct prescribed trials at any 
time. Ships normally should be allowed approximately a 
2-week period after tender overhaul, and a 1-month period 
after shipyard overhaul, to permit final checks, tests, and 
adjustments of machinery before being called upon to con- 
duct a competitive trial. 

Trials are also held from time to time to determine ma- 
chinery efficiency under service conditions, the extent of re- 
pairs necessary, the sufficiency of repairs, and the most eco- 
nomical rate of performance under various conditions of 
service. 

Inspections and Tests Prior to Trials 

The full power and the economy trials, as discussed in 
this chapter, are considered in the nature of competitive 
trials. It is assumed that the ship has been in full operational 
status for sufficient time to be in a good material condition 
and to have a well-trained crew. 

Prior to the full power trial, inspections and tests of ma- 
chinery and equipment should be made to ensure that no 
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material item will interfere with the successful operation 
of the ship at full power. The extent of the inspections and 
the tests will largely depend upon the recent performance 
of the ship at high speeds, the material condition of the 
ship, and the time limits imposed by operational commit- 
ments. 

The inspection and tests of boilers, main engines, pumps, 
auxiliary machinery, safety devices, piping systems, and all 
equipment necessary for the proper operation of the engi- 
neering plant should be made as prescribed in those chapters 
of the BuShips Manual which contain detailed instructions 
for the various units of the plant or, in the absence of spe- 
cific instructions, as the dictates of good engineering practice 
may require. 

Not later than one day before a trial, the engineer officer 
should report to the CO the condition of the machinery in- 
stallation, stating whether or not it is in proper condition and 
fit to proceed with the trial, or wherein any part is, in his 
opinion, not in a safe and proper condition. 

General Rules for Trials 

During all full power trials, and during other machinery 
trials to which they may be applicable and consistent with 
the conditions imposed, the following general rules should 
be observed : 

1. The speed of the engines should be gradually increased 
to the speed specified for the trial. Prior to commencing a 
power trial, the machinery should be thoroughly warmed up ; 
this can be accomplished by operating at a high fractional 
power. 

2. The machinery should be operated economically, and 
designed pressures, temperatures, and number of revolutions 
must not be exceeded. 

3. The full power trial should not be conducted in shal- 
low water, which is conducive to excessive vibration, loss of 
speed, and overloading of the propulsion plant. Detailed 
information on the proper depth of water for your ship may 
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be obtained from chapter 8 (article 8-115) of BuShips 
Manual. 

4. If it is desirable to continue a full power trial beyond 
the length originally specified, the observations should be 
continued until the trial is finished. The four hours, or any 
other predetermined time, of the trial should be continuous 
and without interruption. If a trial at constant rpm be dis- 
continued for any reason, that trial should be considered 
unsatisfactory and a new start made. No major changes of 
the plant set-up or arrangement should be made during econ- 
omy trials. 

Under Way Report Data 

Reports of trials should include all the attending circum- 
stances, especially draft forward, draft aft, mean draft, and 
corresponding displacement of the ship at the middle of the 
trial; the condition of the ship's bottom; the last time dry- 
docked ; the average horsepower developed by the main en- 
gines; the consumption of fuel per hour, per mile, and per 
shaft horsepower on indicated horsepower of the main en- 
gines per hour; the average speed of the ship through the 
water ; and the average revolutions of the propelling engines. 
The methods by which the speed and shaft horsepower were 
determined should also be described. 

This report should also include a tabulation of gage and 
thermometer readings of the machinery in use, and revolu- 
tions or strokes of pertinent auxiliaries. The auxiliaries in 
use during the trial should be stated. The report should 
state whether the machinery is in a satisfactory condition. 
If its condition is found to be unsatisfactory, all defects and 
deficiencies should be fully described and recommendations 
made for correcting them. 

Trial Requirements 

Trial requirements for each ship, covering the revolutions 
per minute for full power at various displacements and in- 
jection temperatures, are furnished to commanders and units 
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concerned, by the Chief of Naval Operations (Operations 
Readiness Division). The rpm for 15, 20, and 25 knots is 
also furnished for the appropriate ships. 

Full power trials are of 4 hours duration, as far as the 
report data are concerned. The usual procedure is to op- 
erate the ship at full power for a sufficient length of time 
until all readings are constant, before starting the official 
4-hour trial period. The smoke prevention trial (Diesel- 
driven ships excepted) should be the last hour of the full 
power trial and should be run at the same speed. Economy 
trials are of 6 hours duration, a different speed being run at 
each time a trial is made. 

Trials once scheduled should be run unless prevented by 
such circumstances as : 

1. Weather conditions which might cause damage to the 
ship 

2. Material trouble which forces the ship to discontinue 
the trial, or which might cause damage to the machinery if 
the trial were continued 

3. Any situation such that running or completing the trial 
would endanger human life 

K a trial performance is unsatisfactory, the ship con- 
cerned will normally be required to hold a retrial of such 
character as the type commander may consider appropriate 
to demonstrate satisfactory engineering readiness. 

The fact that a ship failed to make the required rpm for 
any hour during the trial, and the amount by which it failed, 
should be noted in the trial report. Similarly, the number 
of seconds smoke was observed during the smoke prevention 
trial should be noted. 

Observation of Trials 

When full power trials are scheduled, observing parties 
should be appointed from another ship whenever practicable. 
When a ship is scheduled to conduct a trial while proceeding 
independently between ports, or under other conditions where 
it is considered impractical to provide observers from another 
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ship, the ship under trial may be directed to appoint the ob- 
servers. For economy trials, observers may be appointed 
from the ship under trial. 

The number of personnel assigned to the observing party 
will vary according to size and type of ship. The duties of 
the observing party are usually as follows : 

1. The Chief Observer will organize, instruct, and sta- 
tion the observing party. He checks the ship's draft, either 
at the beginning of the trial or before leaving port ; super- 
vises the performance of the engineroom observers; checks 
the taking of counter readings; renders all decisions in ac- 
cordance with current directives; and checks and signs the 
trial report. 

2. The Assistant Chief Observer assists the Chief Ob- 
server as directed; supervises the performance of the fire- 
room observers; checks the taking of fuel oil soundings and 
meter readings; observes smoke as required; and makes out 
the trial report. 

3. Assistant observers take fuel soundings and meter read- 
ings, counter readings, the ship's draft, and other data as 
may be required for the trial report. 

The following items should be accomplished or considered 
before starting the trial : 

1. When requested by the observing party, the ship under 
trial should provide or designate a suitable signaling system 
so that fuel soundings and the readings of counters and 
meters may be taken simultaneously. 

2. The ship under trial should furnish the Chief Observer 
with a written statement of the date of last undocking, and 
the authorized and actual settings of all main machinery 
safety devices and dates when last tested. The ship should 
have its draft, trim, and loading conform to trial require- 
ments. In case a least draft is not specified, the liquid load- 
ing should equal at least 75 percent of the full load capacity. 

3. The Chief Observer should determine draft and trim 
before and after the trial. He should verify the amount of 
fuel on board and correct this amount to the time of begin- 
ning the trial. He should determine the rpm required for 
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the full power trial, at the displacement and injection tem- 
perature existing at the start of the trial. 

4. The observing party should detect and promptly cor- 
rect any errors in recording data, since it is important that 
the required data be correct within the limits of accuracy 
of the shipboard instruments. 

5. The Chief Observer should require members of the 
observing party to detect any violation of trial instructions, 
of instructions in BuShips Manual, or of good engineering 
practice. The Chief Observer should verify any such report 
and then inform the commanding officer of the ship under 
trial. He should also include in the trial report a detailed 
account of any violation. 

Manner of Conducting Trials 

Some of the requirements in regards to the manner of con- 
ducting full power and economy trials are as follows : 

1. Unless otherwise ordered, a full power trial may be 
started at any time on the date set, provided sufficient time 
remains so that the smoke-prevention run (if required) may 
be held during daylight. 

2. The trial should be divided into hourly intervals, but 
readings should be taken and recorded every half hour. Data 
is submitted as hourly readings in the trial report. 

3. Fuel expenditures for each hourly interval of the trial 
should be determined by the most accurate means practicable, 
normally by meter readings corrected for meter error and 
verified by soundings. 

4. During the smoke-prevention run, the smoke pipes 
should be continuously observed by an officer. He should 
record in seconds the time during which smoke may be 
observed. 

5. The appropriate material condition of the ship should 
be set during the different trials. 

6. During all trials the usual "housekeeping" and auxil- 
iary loads should be maintained and the minimum services 
provided should include normal operation of the distilling 
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plant, air compressor, laundry, galley, ventilation systems, 
elevators (if installed), and generators for light and power 
under load conditions similar to those required for normal 
operations at similar speeds under the prescribed material 
condition. 

7. All ships fitted with indicators, torsionmeters, and 
ether devices for measuring shaft or indicated horsepower 
should make at least two observations during the full power 
trial to determine the power being developed. 

8. The Chief Observer should state in his report of the 
trial whether all rules for the trial have been complied with. 

Some Hints in Regard to Full Power Trials 

There are special forms used for full power and economy 
trial reports. Since illustrations of these forms are not 
given in this training course, it is advisable to obtain copies 
of these report forms from your log room, to get some idea 
of the data and readings that will be required for full power 
and economy trials. 

Trial forms, and such items as tachometers, stop watches, 
and flashlights, should be available to the observing party 
and to the personnel who take readings. Any gages or ther- 
mometers which are considered doubtful or defective should 
be replaced before trials are held. Usually a quartermaster 
will check and adjust all clocks in the engineering spaces and 
on the bridge before any trials are held. 

It is a common procedure of many commanding officers, 
when making full power trials, to bring the ship up to a 
speed of one or more knots below the trial run speed of the 
ship. Then the control of the speed (except in cases of 
emergency nature) of the ship is turned over to the engineer 
officer. The control engineroom, under the supervision of 
the engineer officer, will bring the speed up slowly, depend- 
ing upon the conditions of the plant, until the specified speed 
has been reached. In view of the fact that for most ships 
the designed boiler power is the first factor that establishes 
the maximum speed that a ship can attain, it is a good policy 
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to check boiler steaming conditions before ringing up addi- 
tional turns. The boilers should not be loaded down faster 
than they are capable of taking care of the increased load. 
The steam pressure and temperature should be kept at full 
value for the appropriate steaming condition. In other 
words, the turbines must not get ahead of the boilers. The 
boilers should be the controlling factor and should be kept 
ahead of the turbines. If the turbines are allowed to get 
ahead of the boilers, the main steam pressure and tempera- 
ture will drop below normal values for that particular steam- 
ing condition, or speed of the ship. Then, in order to make 
up this loss in steam pressure and temperature and to meet 
additional increases of speed that may be rung up, the boil- 
ers must be fired at an extremely high rate. In some ships, 
this firing rate may exceed the full load rating of the boiler 
and approach the maximum 120 percent overload capacity 
rating of the boiler. As far as the engineering plant is con- 
cerned, the primary purpose of the acceleration curve or table 
is to prevent the overloading of boilers. The use of the ac- 
celeration curve is of particular importance when accelerat- 
ing near full speed and full power. 

SUMMARY 

As an MM1 or C aboard ship, you will be concerned with 
a number of inspections — administrative inspections, mate- 
rial inspections, operational readiness inspections, and in- 
spections held by the Board of Inspection and Survey. 
Whether you, as an assistant inspector, are a part of the 
inspecting party, or some other person performs the inspec- 
tion, you will need to know how the inspections are con- 
ducted. At all times, you must bear in mind that you should 
be prepared for an inspection aboard your ship. 

Administrative inspections cover administrative methods 
and procedures normally employed in the engineering de- 
partment. The purpose of such inspections is to determine 
( 1 ) that the department is being administered in a sound and 
efficient manner, and (2) that the organizational and admin- 
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istrati ve methods and procedures are directed toward prepar- 
ing every naval vessel to carry out her assigned mission. 

General instructions for conducting an inspection are 
usually given by the division commander. However, the 
selecting and organizing of the inspection party is done 
aboard the ship that has been instructed to conduct an in- 
spection on another ship within the division. 

Operational readiness inspections provide your ship with 
an opportunity to demonstrate her readiness and ability to 
perform the operations that would be required of her in time 
of war. The inspections consist of a battle problem and 
other operational exercises. 

The primary purpose of a shipboard battle problem is to 
provide a medium for testing and evaluating the ability of 
all divisions of the engineering department to work together 
as a team in simulated combat operations. Tou should di- 
rect all your preparations and drills toward that objective. 
This means constant and coordinated drills aimed at making 
your organization proficient in handling casualties. 

The scope of the material inspection will be similar to that 
of inspections made by the Board of Inspection and Survey. 
The inspection should be thorough and searching, and cover 
detailed maintenance and repair rather than general appear- 
ance. An examination of the material maintenance records 
and reports will be made to obtain data and material history 
for a proper understanding of the material condition of ma- 
chinery and equipment. General administrative methods, 
general appearance, cleanliness of compartments, and clean- 
liness of machinery are not part of this inspection, except 
insofar as they may have a direct bearing on material 
condition. 

Be prepared for a critical examination, by the inspection 
party of the Board of Inspection and Survey, of all material 
under your control. The inspector may require that the des- 
ignated machinery be operated, if conditions warrant it. 
He may review the "operating records," the Machinery His- 
tory, and the CSMP. 
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Full power' and economy trials of naval vessels should be 
made for the purpose of ascertaining the capabilities and 
efficiency of the machinery installation. Trials are held 
from time to time to determine their efficiency under service 
conditions, the extent of repairs necessary, the sufficiency of 
repairs, and the most economical rate of performance. 

QUIZ 

1. When may a first class or chief MM be assigned to duty as an 
assistant Inspector aboard a ship? 

2. What type of inspection is used to determine that all divisions of 
the engineering department are being administered in an intelli- 
gent, sound, and efficient manner? 

3. Who organises and supervises the engineering department in- 
specting group? 

4. Who generally supplies a ship with administrative Inspection 
check-off lists? 

5. What type of inspection consists of the conduct of a battle prob- 
lem and other operational exercises, with emphasis on gunnery, 
and damage control? 

6. What is the primary purpose of a shipboard battle problem ? 

7. In conducting a battle problem, what element Increases its value 
to the ship's company? 

8. When a battle problem is being conducted, what method should 
an observer use to deliver information to ship's personnel? 

9. During the conduct of a battle problem, when may observers re- 
sort to coaching ship's personnel? 

10. If it becomes necessary, during the conduct of a battle problem, 
to close valves, open switches, or stop the machinery, who should 
operate the designated equipment? 

11. What provision is made for handling actual casualties which 
might occur during a battle problem? 

12. The problem time announcer will use the IMC circuit to announce 
what facts during a battle problem? 

13. What announcing system circuit is kept available at all times 
for use in case of actual emergency? 

14. Why is it important for observers to determine excellencies as 
well as deficiencies, in the analysis of a battle problem? 

15. Analysis of a battle problem is conducted in what two steps? 

16. What type inspection conducted by another ship determines 
whether or not proper procedures have been carried out in the 
care and operation of machinery and equipment? 
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17. When is cleanliness of machinery a part of the material inspec- 
tion conducted aboard ship? 

18. In a multiple-shaft ship, what is the maximum percent of ma- 
chinery and major equipment units which can be disabled for 
a material inspection? 

19. In preparation for an inspection, the engineering department is 
primarily concerned with what condition sheets? 

20. Who should attend a critique held on board the inspected ship 
after a material inspection of equipment and machinery has 
been completed? 

21. What is the primary difference between the material inspection 
and the Board of Inspection and Survey inspection? 

22. In order to determine the material condition of ships, how often 
are inspections usually conducted by the Board of Inspection and 
Survey? 

23. Who is responsible for conducting trials and inspections on all 
ships prior to final acceptance for naval service, to determine 
whether or not the contract and authorized changes thereto have 
been satisfactorily fulfilled? 

24. During a preliminary acceptance trial at sea, which personnel 
generally operate the ship and her machinery? 

25. What are considered three routine ship's trials? 

26. Why should inspections and tests of machinery and equipment 
be made prior to the full power trial? 

27. Why should a full power trial not be conducted in shallow 
water? 

28. No major changes of the propulsion plant set-up or arrangement 
should be made during which routine ship's trials? 

29. What is the duration of a full power trial, as far as the report 
data is concerned? 

90. Who generally supervises the performance of engineroom ob- 
servers during full power trials? 

31. Who determines the rpm required for the full power trial, at 
the displacement and injection temperature existing at the start 
of the trial? 

32. In conducting a full power trial, how often should readings be 
taken and recorded? 

33. In general, what is the first factor that establishes the maximum 
speed which a ship can attain? 

34. At a given speed, if the turbines are allowed to take too much 
steam from the boilers, how will the main steam pressure and 
temperature be affected? 

35. As far as the engineering plant is concerned, what is the primary 
purpose of the acceleration curve? 
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APPENDIX I 



ANSWERS TO QUIZZES 

CHAPTER 1 
LEADERSHIP AND ORGANIZATION 

1. In the Manual of Qualifications for Advancement in Rating, Nav- 
Pers 18068 (Rev. 1952). 

2. Personnel relations. 
8. To be a leader. 

4. Knowledge, skill, and tactful handling of men. 

5. What is to be done, when it is to be done, how it is to be ac- 
complished (if instructions are necessary), and why it must be 
done (when practicable to explain). 

6. To catch mistakes before they may result in excessive loss of 
time, labor, and material. 

7. Charts, diagrams, training films, working models, and slides. 

8. The organization of your ship, your department, and your 
division. 

0. Officer of the deck. 

10. Officer of the deck and the engineer officer. 

11. Ship's Organisation Book. 

12. Chief Machinist's Mate. 

13. Every 30 minutes; by the engineroom auxiliary watch. 

14. Information concerning the status of the machinery in operation, 
orders, special orders, and uncompleted orders. 

15. Once a week, usually on Friday. 

16. A cold-iron watch. 

17. To maintain a designated water level in the boiler. 

18. The number of burners, the size of the sprayer plates, and the 
oil pressure carried. 

19. , The pumpman. 

20. The messenger. 

CHAPTER 2 
PROPULSION TURBINES 

L To permit adjustment of the oil flow to all Journal and thrust 
bearings. 

2. 50 # F. 

3. The viscosity of the oil being used, the design of the bearing, 
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the running speed, the clearances, and the location and accuracy 
of the thermometer. 

4. The quality and quantity of the oil to that bearing. 

5. The throttle should be closed immediately and the shaft stopped. 

6. A bowed rotor, a defective thrust bearing, burned out journal 
bearings, or foreign matter inside the turbine casing. 

7. Part of the blading has been damaged. 

8. Once each quarter. 

9. Once each quarter. 

10. Once each quarter. 

11. The clearance between the rotor and the casing. 

12. Manufacturer's instruction book and plans. 

13. Rebabbitt or replace the bearing, if necessary. 

14. Remove the collar for repairs or replacement. 

15. The thickness of the filler piece. 
10. Ship's force. 

17. Furmanite and copaltite. 

18. Because they have seats and disks with spherical contours. 
10. Shipyard personnel. 

20. About every 5 years. 

21. The past performances of the particular type of turbine, data 
furnished by the CO of the ship, and recommendations made by 
the forces afloat. 

22. Oil is circulated through the bearings, the rotor jacked slowly, 
and a check made for any unusual sounds. 

23. Usudurian. 

24. Acetylene torch. 

25. The repair activity doing the work. 

26. Slow down, investigate, and endeavor to locate the cause. 

27. About 24 hours after securing, and when the turbine is thoroughly 
cooled. 

CHAPTER 3 
MAIN REDUCTION GEARS 

1. The articulated gearing. 

2. The nested type reduction gear. 

3. The locked train double reduction gear. 

4. BuShips. 

5. At a naval shipyard, or similar activity. 

6. The temperature is increased. 

7. The turbine rotors may be bowed. 

8. At low shaft rpm when maneuvering or while operating in very 
shallow water. 
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9. A complete investigation should be made, preferably by a naval 
shipyard. 

10. Bent shafts, damaged propellers, and improper balance. 

11. Misalignment of the turbines and main shafting as well as the 
main gear foundation. 

12. Naval shipyard personnel. 

13. Secure the shaft and reduction gear until the units can be in- 
spected and repaired by a repair activity. 

14. The high-speed pinion bearings. 

15. To see that the inside of the gear is free of any foreign matter, 
such as dirt or tools. 

16. Misalignment or improper lubrication. 

17. The pinion and gear shaft will not be parallel. 

18. The length of tooth contact across the face of the pinions and 
gears (also satisfactory wear or meshing of the gear teeth). 

19. Prussian blue. 

20. 80 percent. 

21. When removing a local hump or deformation. 

22. Two sets. 

23. Because the base rings could tilt under the freedom given by the 
leveling plates and a false reading would be obtained. 

24. The thrust shoe surfaces should be examined, and repairs made 
if necessary. 

25. Take readings while running the turbines slowly ahead and 
astern. 

26. Micrometer depth gage. 

27. At least once each quarter. 

28. The gears should be stopped immediately and not operated until 
the cause of the trouble can be found and remedied. 

29. The engineer officer. 

CHAPTER 4 

CONDENSERS AND HEAT EXCHANGERS 

1. Condensate depression. 

2. Whenever the water chest manhole, or handbole covers, are re- 
moved for cleaning condensers or zincs. 

3. By thoroughly and continuously draining the lines at all low 
points. 

4. Empty and drained. 

5. Once each month, or immediately after an extended cruise. 

6. Once each quarter, when the inspection covers are removed from 
the low-pressure turbine. 

7. A loose zinc plate or a foreign object inside the header. 
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8. By boiling out with a strong solution of Navy standard boiler 
compound. 

9. Every 2 or 3 years. 

10. Deterioration of the tube wall which starts at the sea-water side 
and proceeds through the tube wall to the steam side. 

11. 10 percent 

12. All interior parts of the condenser shell (stay rods, hot well, 
internal baffles, and joints). 

13. Excessive cold-worked stresses in the metal, which contribute 
largely to rapid tube end erosion and/or corrosion. 

14. The joint should be recalked with light hammer blows applied 
to the calking tool. 

15. 15 psi. 

16. The engine should be slowed down or stopped. 

17. "Necking" or crimping tubes. 

18. Open the steam and water supply valves slowly. 

19. An orifice. 

20. 2% inches. 

21. At least once each month, when new ; thereafter every six months. 

22. A loss of vacuum. 

23. At least semiannually. 

24. In the uppermost point of the line. 

25. The thermostatic recirculating valve. 

26. 120° to 130° F. 

27. (1) Erosion due to high sea-water velocity, and (2) corrosion 
due to electrolytic (or galvanic) action. 

28. When they are 50 percent disintegrated. 

CHAPTER 5 
SHIP'S SERVICE TURBOGENERATORS 

1. To operate the pilot valve which controls the flow of oil to the 
operating cylinder. 

2. When there is an increased load on the generator, causing the 
turbine to slow down. 

3. When a generator turbine is started, it is subject to variable 
expansion movements because of changing temperature and load 
condition. 

4. 180° F. 

5. To guard against steam bleeding into the turbine casing. 

6. After each period of steaming, and at least once each quarter. 

7. When a turbine is new, or after extensive repairs have been made 
to the unit. 
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8. The turbine should be slowed down, but kept turning oyer at a 
low speed until the beatings and journal have cooled sufficiently. 

9. The bearings, the lines, and the reservoir. 

10. The valve seats should be seal-welded or silver-soldered in place. 

11. 15 minutes. 

12. They should be sent to the factory to be retested and repaired. 

13. A test should be conducted to assure proper functioning of the 
unit 

14. A thorough investigation should be made to determine the 
cause (s ) of the trouble. 

15 By studying the various illustrations and the unit itself. 

16. Make certain that the pilot-valve bushing is removed. 

17. Once each day. 
18 Once each week. 

19. Once each quarter, and whenever the turbine is put into opera- 
tion after having been permanently secured. 

20. Once each day, and before admitting steam to the casing. 

CHAPTER 6 
PUMPS 

1. Operating the pump at full stroke. 

2. Long stroke. 

3. By means of the tappet collars. 

4. By removing the piston and plunger, and running a line through 
the cylinders. 

5. By jacking the pump with a bar. 

6. Rust. 

7. Soak the packing in water overnight. 

8. Faulty piston rings. 

9. Lack of proper lubrication. 

10. At least twice each year. 

11. Once each quarter. 

12. 10 percent. 

13. Dismantle the rotor completely to determine and correct the indi- 
vidual part which is out of balance. 

14. Short in capacity. 

15. The pump is overloading the driver. 

16. Case rings and impeller rings, shaft sleeves, and bearings. 

17. The pump should be stopped and the cause of excessive vibration 
located. 

18. Capacity too low, pressure too low, no water, speed too low, low 
suction pressure, and foreign matter in the casing or impeller 
passages. 
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19. To obtain any information available regarding past alteration 
of the pump's construction. 

20. (1) The amount of steam to be condensed, (2) the temperature 
of the circulating water, and (3) the vacuum that is being main- 
tained on the condenser. 

21. Remove the drive. 

22. The housing guide pins must be removed. 

23. The manufacturer's pamphlet or blueprint. 

24. The proper locating cap settings. 

25. The mountings and the drive details affected by the mountings. 

26. 5 percent. 

27. To control steam pressure admitted to the pump propulsion unit, 
so as to maintain the fluid discharge at a constant preset level. 

28. Adjustment of the needle valve. 

29. The pilot valve is continuously throttling the steam which passes 
through it. 

30. At least once each quarter. 

CHAPTER 7 

PROPULSION PLANT OPERATION AND SUPERVISION 

L To indoctrinate, train, and prepare ship's crews for wartime 
conditions and operations. 

2. Inexperienced and improperly trained personnel. 

3. When there is no engineering officer on watch aboard ship. 

4. To create and maintain readiness to deliver the designed per- 
formance of the engineering plant at all times. 

5. Fuel performance ratio. 

6. When personnel are on steaming watch stations. 

7. Acceleration, deceleration, and the operation of the main con- 
denser. 

8. By proper insulation. 

9. Good insulation, elimination of all steam leaks, and a clean 
ventilation system. 

10. Uneconomical operation of the engineering plant. 

11. At least twice a day. 

12. The first part of the engineroom lighting-off sheet. 

13. When all the watch standers have mustered in the engineroom. 

14. Fireroom and engineroom. 

15. Two-furnace single-uptake superheat-control boilers. 

16. 400 to 460 psi. 

17. From 1 to 2 hours. 

18. When ordered by the engineer officer and when the superheater 
protection device indicates a safe steam flow through the super- 
heaters. 
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19. 600° F. 

20. When permission has been received from the OOD. 

21. The MMC in charge of the watch. 

22. Prior to entering port or coming to anchor. 

23. 50° F every 5 minutes. 

24. The degree of superheat. 

CHAPTER 8 
ENGINEERING CASUALTY CONTROL 

1. In the Engineering Casualty Control Book. 

2. By the elimination of weaknesses which lead to material failure, 
and by the installation of alternate or standby means for supply- 
ing vital services. 

S. Abnormal operating speeds, pressures, temperatures, vibrations, 
and noises. 

4. They should all be inspected to determine whether there is 
danger of the same type of failure. 

5. Oil-lubricated ball bearings. 

6. 00. 

7. That there is risk of even greater damage, or loss of ship, in 
immediately securing the affected unit. 

& Accurate information. 

9. Limitation of the effects of the damage, emergency restoration, 
and complete repair. 

10. At all times when not in use. 

11. The officer or CPO in charge of the engineering watch. 

12. Close the guarding valve or the main line stop valve. 

13. The astern steam pressure and the ship's rpm on the other 
shaft (s) t when the shaft is held stationary for locking. 

14. When the shaft is locked for more than 5 minutes. 

15. The pressure of water in the casing, either from boiler priming 
or from inadequate casing drainage. 

16. Wiped reduction gear bearings result in uneven gear wear. 

17. Disconnect the cruising turbine, insert the locking device, se- 
cure valves, gland seal, gland leak-off, and cruising turbine 
drains* 

18. Check the condensate pump, the recirculating valves, and the 
water level in the main condenser. 

19. Localized overheating and probable slight wiping of one or more 
bearings. 

20. The cruising turbine bearings. 

21. The main reduction gear bearings. 
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22. When the high pressure and the low-pressure turbine bearings 
are wiped. 

23. Obtain permission from the OOD to slow the engine, pump down 
sump tank to the proper level, and determine and remedy the 
cause of the trouble. 

24. The Machinist's Mate should check the inspection tank, and if 
oil has carried through, shift the inspection tank drain to the 
bilges. 

25. The Machinist's Mate should see that water is added to the 
deaerating feed tank. 

26. Whether the ship is steaming split-plant or cross-connected. 

27. Temporary securing of the boiler may be required. 

CHAPTER 9 

DAMAGE CONTROL ORGANIZATION AND 
SUPERVISION 

L Organization. 

2. Administrative and battle organization. 

3. (1) to take all practical preliminary measures before damage 
occurs, (2) to minimize and localize damage, and (3) to accom- 
plish emergency repairs or restorations as quickly as possible 
after damage occurs. 

4. Because the ability of a ship to accomplish an assigned mission 
may depend upon the effectiveness of damage control measures. 

5. By a thorough study of the ship and the various systems, and by 
a study of methods successfully used and of mistakes made by 
other ships in combating damage. 

6. From the ship's damage control officers or from chapter 88, 
article 88-505, of BuShips Manual. 

7. Ship's Organization Book. 

8. To permit dispersal of personnel and a wide coverage of the as- 

signed areas. 

9. In a central and well-protected location. 

10. To collect and compare reports from the various repair parties 

in order to determine the condition of the ship and the action 
that should be taken. 

11. The repair party. 

12. Diagrams kept at Damage Control Central and at various repair 
party stations. 

13. The effectiveness of the individual repair party. 

14. (1) The locale of the station, (2) the portion of the ship assigned 
to that party, and (3) the total number of men available for all 
stations. 
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15. The complement of the ship. 

16. To maintain proper condition of closure. 

17. To remote control stations in the assigned area. 

18. Only the members of the repair parties. 

19. Battle telephone circuits (sound-powered), Interatation two-way 
systems (4MC intercoms), ship's service telephones, ship's loud- 
speaker system (IMC general announcing), voice tubes (where 
installed), and messengers. 

20. 2 JZ. 

21. The 3, 4, 5, 6, and 7 JZ circuits. 

22. X40J. 

23. They are not part of the battle system, and may go out of com- 
mission early in action. 

24. Too many stations other than damage control are affected. 

25. In the event a repair station succeeds to control for damage, it 
mast know what casualties all other stations are handling in 
order to assume control intelligently. 

26. To isolate damaged or short-circuited portions of a circuit, thus 
restoring the remainder of the circuit to use. 

27. Knowledge, leadership, and training. 

28. The second senior man. 

29. These men may become injured and the resulting loss will cause 
confusion. 

30. By inserting shortlng-out plugs. 

CHAPTER 10 
DISTILLING PLANTS 

t Three-effect or triple-effect. 

2. The MM1 or C in charge of the distilling plant. 

3. Full output cannot be maintained. 

1 16 inches Hg vacuum to approximately atmospheric pressure. 

5. To ensure keeping scale formation to a minimum, and to main- 
tain full capacity for long periods of time. 

6. Air leakage, Improper water levels in evaporator shells. Improper 
venting of evaporator tube nests, scale deposited on evaporator 
tubes, and improper draining of evaporator tube nests. 

7. Capacity and economy losses. 

8. By means of the compound gage and the thennometed which are 
installed on the steam head of the first-effect tube nest. 

9. Improper venting of the evaporator tubes. 

10. The output of the plant will be reduced considerably. 

11. When the tube nest vacuum approaches zero. 

12. 1.5 thirty-seconds. 
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13. Flooding of the gage glass on the tube nest drainer. 

14. Air leaks. 

15. Insufficient steam pressure or wet steam at the air ejector nozzle. 

16. By means of the special nozzle reamers. 

17. The distilling condenser vacuum. 

18. When the plant is properly operated and a full flow of circulating 
water is maintained. 

19. The MM lorC. 

20. Check the readings of the various thermometers and gages. 

21. The operational procedures and the material conditions. 

22. At least once every 6 months (preferably every 3 months). 

23. By means of an air pressure or a hydrostatic test (in accord- 
ance with the recommended procedures in the manufacturer's 
instruction book). 

24. Naval shipyard. 

CHAPTER 11 

REFRIGERATION MAINTENANCE AND REPAIR 

1. Every hour. 

2. At least once each month. 

3. Presence of leaks. 

4. Halide torch. 

5. Refrigeration repair personnel at naval shipyards or aboard 
repair ships. 

6. The size of the system and the amount of moisture present in 
the circuit. 

7. (1) Excess moisture in the system, (2) absorbed Freon in crank- 
case oil, (3) leakage of air into the system, (4) inefficient vacuum 
pump or defective vacuum indicator. 

8. Immediately after each period during which the dehydrator has 
been used. 

9. By removal of the drying agent and heating it, for several hours, 
to a temperature of 250° to 350° F. 

10. The compressor crankcase is under a slight pressure. 

11. After each cleaning of the compressor suction scale trap. 

12. Either a gradual or a sudden decrease in the normal compressor 
capacity. 

13. By pumping down the compressor to 2 psl gage, then stopping 
the compressor, and quickly closing the suction and discharge 
line valves. 

14. After the compressor has been in operation for a minimum of 
3 days. 



662 



15 Moisture-laden air will be drawn into the system. 

16 All parts should be carefully washed in carbon tetrachloride and 
permitted to dry in air. The final rinse should be made with 
clean carbon tetrachloride. Care should be taken to prevent dirt, 
lint, water, or other foreign matter from entering the compressor 
during reassembly. 

17. After the condenser has been properly purged. 

18. At least once every two weeks. 
10. Thermostatic expansion valve. 

20. An insufficient amount of Freon-12 will be admitted to the cool- 
ing coil and the coll will operate at reduced capacity. 

21. The low-pressure cut-out, the cooling thermostat, and the water 
failure switches. 

22. Regulate expansion valve and check thermal element attachment. 

23. Stop the compressor, check oil gage for accuracy, pump down, 
and clean oil lines. 

24. Shortage of refrigerant. 

25. Sterile mineral oil or olive oil. 

CHAPTER 12 
AIR CONDITIONING 

1. To keep the ship's personnel comfortable, alert, and physically fit 
at battle stations. 

2. Saturated air. 

3. The higher the temperature, the more moisture the air can hold. 

4. The weight of water vapor in grains per pound of dry air. 

5. The ability of the air to evaporate liquid moisture is indirectly 
indicated by the relative humidity. 

6. Sensible heat and latent heat. 

7. When the air is saturated. 

8. 52 percent. 

9. By radiation, convection, conduction, and as a byproduct of 
physiological processes taking place within the body. 

10. When the heat is carried away from the body by convection cur- 
rents, both by* the air coming out of the lungs and by exterior air 
currents. 

11. About 45 percent by radiation, 30 percent by convection and con- 
duction, and 25 percent by evaporation. 

12. Effective temperature. 

13. 50 to 60 percent. 

14. The ranges of temperatures, relative humidities, and air velocities 
which produce a normal feeling of comfort for most persons. 

15. Cooling water by evaporation. 
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16. To remove the flashed vapor from the flash tank and send it to 
the condenser. 

17. The lithium bromide plant. 

18. The concentration and temperature of the solution. 

19. To improve the efficiency and reduce cooling water consumption. 

20. Refrigerating system using mechanical compression. 

21. At least once a week. 

22. In the air conditioning system there is a larger pressure drop in 
the cooling coil. 

23. 60 pel. 

24. Every two hours. 

25. At least once each week. 

CHAPTER 13 

PIPING SYSTEM REPAIR AND MAINTENANCE 

1. Once each quarter. 

2. Oraphite or asphaltum paint. 

3. A dangerous blowout may result from progressive growth of the 
leak. 

4. By brazing. 

5. With sheet lead or with some other soft material. 

6. Copper-nickel alloy piping. 

7. The valve should be made tight by grinding the disk together with 
the seat. 

8. Salt-water lines. 

9. They should be refaced either in a lathe or with a reseating tool. 

10. To ensure that the guides in the valve bonnet align properly with 
the guides in the valve body. 

11. With the stem pointing straight upward. 

12. The purpose for which it is used. 

13. At least once each week. 

14. Steam traps must be located below the lowest point to be drained 
and should be placed so as to be easily accessible for inspection 
and repair. 

15. The ball-float traps are larger, heavier, and have additional work- 
ing parts. 

16. Secure the parts in place with additional securing devices to 
prevent repetition of the trouble. 

17. Once each quarter. 

18. About 3 percent. 

19. The main and auxiliary steam lines, including the 150-psi lines, 
and whistles and sirens. 

20. The steam traps and bypasses 
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CHAPTER 14 



LATHE MACHINING OPERATIONS 

1. 30V 

2. A narrow cut is made at each end of the work and then the 
diameters are compared by measuring with calipers. 

3. Facing the ends of the work. 

4. In the direction of the head spindle. 

5. It eliminates need for frequent measuring, and thus speeds up 
production. 

6. Vi* of an inch. 

7. When the work has been rough turned to within approximately 
%2 inch of the finished side. 

8. Making accurate measurements. 

9. By locating the shoulder with a parting or cut-off tool. 

10. The piece to be bored must have a pilot hole, drilled or cored, 
large enough to receive the boring tool. 

11. The boring tool is fed to the work. 

12. Taper. 

13. %-inch taper per foot. 

14. The included angle of the taper is twice the angle that the 
surface makes with the axis or centerline. 

15. Morse taper. 

16. Tailstock set-over method. 
17- % inch. 

18. At an angle to the axis of the lathe. 

19. Compound rest feed screw. 

20. The American National Screw Thread. 

21. The lathe dog must not be removed from the work and the dog 
must be replaced in the same slot of the driving plate. 

22. Make sure that the chuck jaws are tight and the work is well 
supported. The chuck must be tight enough on the spindle and 
the work should not be removed from the chuck until the thread 
is finished. 

23. 60°. 

24. By adjusting the feed screw of the compound rest. 

25. Because the tool is withdrawn by moving it toward the center 
or axis of the lathe. 

26. Because the first cut is used only to determine if the lathe is 
set properly for the desired thread pitch. 

27. The mating threaded part (nut). 

28. Lard oil. (If lard oil is not available, any good cutting oil, or 
machine oil, may be used.) 
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29. A small amount of powdered sulfur. 

30. A hole may be drilled at the end of the thread, or a neck or groove 
may be cut around the shaft 

CHAPTER 15 

INSPECTION, MAINTENANCE, AND REPAIR OF 
AUXILIARY EQUIPMENT 

1. A good hydraulic fluid must have a low rate of expansion 
and be adequately viscous at 150° F. 

2. To prevent small amounts of water and other foreign matter 
from entering the system. 

3. At least every six months. 

4. Keep the exposed surfaces covered with the prescribed com- 
pound or oil ; construct protective guards over the exposed por- 
tions of the rams ; and secure or remove loose gear. 

5. About every six months. 

6. Compression of brake linings. 

7. Size of the installation, oil pressure, speed, and stroke. 

8. Regular operation, proper lubrication, proper maintenance of 
all the units, and cleanliness of the fluid. 

9. To prevent the accumulation of sludge, to aid in preventing cor- 
rosion, and to prevent the freezing of adjacent parts. 

10. Oil from the high-pressure side may be escaping into the expan- 
sion tank, or the pressure control may be inoperative. 

11. A hydraulic unit filled with flushing oil should be operated only 
under light load, and with the operating pressure as low as 
possible. 

12. The packing will become hard and score the shaft. 

13. Insufficient oil, leakage, obstructions, and improper adjustments. 

14. Large leaks can usually be located with a pressure gage, while 
small leaks may require disassembly and visual inspection of 
the parts. 

15. (1) Defective air valves resulting from wear and pounding of 
valves against seats, and dirty intake air, (2) defective air cylin- 
der stuffing box. 

16. Air cylinders may be poorly lubricated ; piston-rod packing may 
be dry and binding; discharge valves may be leaking, or air- 
piston rings may be loose. 

17. Because explosive vapors may collect in the compressor or air 
receiver. 

18. The discharge air valve is defective. 
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19. Dirty intake air, excessive use or improper grade of cylinder oil, 
or excessively high air temperature resulting from faulty cooling. 

20. Make certain that suction valves open toward, and discharge 
valves away from, the center of the cylinder. 

21. Solder or fuse wire. 

22. Sponge or woolen yarn does not pack down and stop the air 
flow. 

23. To determine if there is any external corrosion or damage to 
flasks or piping. 

24. Inspect all intake and compressor control lines for obstructions 
and foreign matter, and inspect the interior or exterior of the 
compressor. 

25. Every three months. 

26. (1) The siren should be installed as near a vertical position as 
possible, and (2) the air line should be thoroughly blown out 
and cleared before it is connected. 

27. Daily. 

28. Its impurities are different from those of ordinary boiler feed 
water, and cannot be controlled by the usual water-treatment 
methods. 

29. Because a leak in this piping allows sea water to mix with the 
drains and can contaminate the boiler water in a very short 
time. 

30. Water tube natural-circulation boilers. 

31. Float type and electrode type feed water regulating and low 
water controls. 
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NAVY REPAIR PROCEDURES 

1. A repair ship performs maintenance functions beyond the capa- 
bilities of a ship's own facilities ; a tender performs repair work, 
supplies parts, and renders other services to assigned ships. 

2. AR. 

3. To maintain a well -organized and efficiently operated repair 
department. 

4. Assistant repair officer. 

5. Diving and salvage officer. 

6. BuShipe, the forces afloat, and CNO. 

7. Alterations affecting the military characteristics of the ship. 

8. The type and ship serial numbers. 

9. Alterations equivalent to repairs. 

10. In the log room. 

11. 2 weeks. 
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12. When outside assistance is needed, or at designated routine 
periods. 

13. A restricted availability. 

14* When a unit of auxiliary equipment, such as a small pump or 
motor, requires repairs. The unit (8) is detached and left for 
repair while the ship continues on its mission. 

15. A work request is called a job order after it has been approved 
by the repair activity. 

16. The ship's force. 

17. To see that the job Is neither delayed nor overlooked, and that 
it is satisfactorily completed at the end of the repair period. 

18. Ship's personnel. 

19. To see that all material conditions are satisfactory and that the 
equipment or machinery is in all respects ready for service. 

20. To see that no phase of the ship's force maintenance work has 
been overlooked. 

21. Type commander. 

22. A shipyard to which a particular vessel is usually assigned by 
CNO for accomplishment of repairs and alterations. 

23. 60 days. 

24. CSMP. 

25. BuShips. 

26. Shipalts marked "ship's force" or "forces afloat." 

27. The planning officer. 

28. The planning officer, or his assistant. 

29. Repair procedures, unsatisfactory work by yard personnel, and 
tests made by the shipyard. 

30. The ship's progressman. 

31. Each time it goes to the naval shipyard for a routine overhaul. 

32. The Machinery History and CSMP should be checked to ensure 
that the detailed information concerning all sea valves is 
available. 

33. The condition of the yoke, yoke rods, valve stem, and securing 
bolts, as well as the condition of the internal parts of the valve. 

34. Whenever major repairs have been made on propulsion machinery 
by a naval shipyard. 

CHAPTER 17 
ENGINEERING MATERIALS AND SUPPLIES 

1. General Stores Material, BuShips Controlled Material, and 
BuShips repair parts. 

2. General Stores Material (GSM). 

3. BuSandA. 
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4. Supply officer. 

5. BuShifM Material Directory and Requisitioning Guide, NavShips 
250-550. 

6. Once each year. 

7. The incoming officer. 

8. When they are being relieved or transferred. 

9. At the beginning of the fiscal year. 

10. Immediately upon the issuance or use of the repair part. 

11. Engineer officer. 

12. Engineering personnel ; usually a leading petty officer. 

13. In the same space as, or near, the machinery to which they per- 
tain. In this case, the repair parts boxes are placed in specially 
made brackets, usually on bulkheads. 

14. In the log room. 

15. Repair parts boxes are identified by stamped or stenciled data, 
giving the number of the box and the name of machine or equip- 
ment for which the parts are supplied. 

16. When the ship is placed in commission. 

17. Priority C. 

18. NavSandA Form 43, or the Not In-Excess Requisition. 

19. In order to be able to properly write up a rough survey request. 

20. In the division of the department having custody of the material 
or equipment to be surveyed. 

21. Condition, cause, responsibility for the cause or condition, and 
recommendation. 

22. When it has been approved by the engineer officer. 

23. The surveying officer or the senior officer of the surveying board. 

24. To the CO ; or, if the survey was ordered by higher authority, to 
the officer ordering the survey. 

25. They are forwarded to BuShips. 

26. In the engineering log room. 

27. BuShips. 

28. Naval Stock Fund (NSF). 

29. Appropriation Purchases Account (APA). 

30. The appropriation of the bureau having material control of the 
item. 

CHAPTER 18 
ENGINEERING RECORDS AND REPORTS 

1. In the machinery spaces. 

2. A record of all pertinent data and repairs on each machinery 
unit, or pieces of equipment, aboard ship. 

3. Unit Record Card. 

4 Repair Record Card. 
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5. The card should be placed behind the Machinery History Card 
of the unit affected, with the tax extended above the top of the 
card. 

6. At least 30 days prior to the commencement of the overhaul 
period. 

7 In their relative order of priority. 

8. The repair requests should accurately describe, in detail, existing 
conditions and the work which should be undertaken by the 
repair activity. 

9. To the type commander or his authorized representative. 

10. In the C8MP, on the Repair Record Card of the unit(s) affected. 

11. In letter form submitted to BuShips via the type commander or 
other appropriate commanders. 

12. The Engineering Log and the Engineer's Bell Book. 

13. They should be overlined by a single line and initialed by the 
person making the original entry. 

14. The throttleman. 

15. The daily check-off list. 

16. After each extended run, or after 10 days of intermittent service. 

17. Machinery History Cards. 

18. At least once each month, or more often if either fouling or dis- 
integration is rapid. 

10 Packing Chart. 

20. A certified copy of the page is made for the ship's flies. 

21 . In the Navy Filing Manual. 

22. By standard Navy filing numbers. 

23. Material Analysis Data and Repair Parts Usage Report. 

24. To provide BuShips with data to be used in the analysis of ship 
performance and to afford a basis for design comparisons. 

25. When they become 3 years old. 
20. After they are 6 months old. 

CHAPTER 19 

FORMAL INSPECTIONS AND TRIALS 

1. When his ship is required to furnish the inspecting party that 
will make an inspection of another ship. 

2. Administrative inspection. 

3. The engineer officer. 

4. The type commander. 

5. Operational readiness inspection. 

6. To provide a medium for testing and evaluating the ability of 
the ship's divisions when operating under simulated combat 
conditions. 
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7. Surprise. 

8. Verbal, when practicable. 

9. When the inadequacy of procedure by ship's personnel results 
in the non-discovery of an Imposed casualty. 

10. Ship's personnel. 

11. An emergency procedure is set up by the observing party and 
the ship's company. 

12. The start of the battle problem, the problem time at regular 
intervals, the conclusion of the problem, and the restoration of 
casualties* 

13. The general announcing system (IMC circuit). 

14. A knowledge of existing excellencies by ship's personnel tends 
to Increase morale as well as to Indicate those factors that 
presently, at least, may receive less emphasis in the shipboard 
training program. 

15. The critique and the observers' written reports. 

16. The material inspection. 

17. When it has a direct bearing on the material condition. 

18. 50 percent 

19. The machinery, the electrical, and the hull condition sheets. 

20. The ship's commanding and executive officers, heads of depart- 
ments, and such other personnel as may be designated from the 
inspected ship, the Chief Inspector, and inspectors of each in- 
spection group. 

21. The material inspection is conducted by Forces Afloat, usually 
a sister ship, and the Board of Inspection and Survey inspection 
is conducted by a specially appointed board. 

22. Every 3 to 5 years. 

23. The Board of Inspection and Survey. 

24. The builder's personnel. 

25. Post-repair trials, full power trials, and economy trials. 

26. To ensure that no material item will interfere with the success- 
ful operation of the ship at full power. 

27. Because shallow water may cause excessive vibration, loss of 
speed, and overloading of the propulsion plant. 

28. Economy and full power trials. 

29. 4 hours. 

30. The Chief Observer. 
81. The Chief Observer. 

32. Every half hour. 

33. The designed boiler power. 

34. The steam pressure and temperature will drop below normal 
values for that particular steaming condition. 

35. To prevent the overloading of boilers. 
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APPENDIX II 



QUALIFICATIONS FOR ADVANCEMENT IN 

RATING 

MACHINIST'S MATES (MM) 

RATING COM NO. 3700 

General Service Rating 

Machinist's mates operate, maintain, and make repairs to ship 
propulsion and auxiliary equipment such as steam propulsion ma- 
chinery, shafts, propellers, evaporators, compressors, pumps, valves, 
oil purifiers, heat exchangers, governors, and reduction gears; main- 
tain and make repairs to outside machinery such as steering engine, 
anchor windlass, cranes, elevators, food preparation and related 
utility equipment, and winches; operate, maintain, and repair re- 
frigeration and air conditioning equipment ; may perform duties in 
the generation, stowage, and transfer of the following industrial 
gases : Oxygen, carbon dioxide, nitrogen, and acetylene. 

Note. — Personnel in the general service rating will not be examined 
in industrial gas. 

Emergency Service Ratings 

Machinist's Mates L (General Machinist's Mates), Rating 

Code No. 3701 MML 

Operate, maintain, and make repairs to main propulsion and 
auxiliary machinery of steam-propelled vessels. 
Machinist's Mates R (Refrigeration Mechanics), Rating 

Code No. 3702 MMR 

Operate, maintain, and repair refrigeration and air condi- 
tioning equipment. 
Machinists Mates G (Gas Generating Mechanics), Rating 

Code No. 3703 MMG 

Operate and maintain machinery for generating and com- 
pressing industrial gas and for charging compressed-gas 
containers. 

Navy Job Classifications and Codes 

For specific Navy job classifications included with this rating and 
the applicable codes, see Manual of Navy Enlisted Classifications, 
NavPers 15105 (Revised), codes MM-4200 to MM-1299. 
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Qualifications for Advancement in Rating 



100 PRACTICAL FACTORS 

101 Operational 

1. Start, operate, stand watch on, and se- 
cure double- or triple-effect distilling 
plants 

2. Stand watch in steering engine room 

3. Use radiac instruments and perform 
monitoring operations on intake lines 
and evaporators _ 

4. Operate a C0 2 plant, refill C0 3 cylinders, 
and take gas analysis test during opera- 
tion 

5. Operate compressors and motors and 
take gas analysis test on an oxygen 
plant and log readings on a C0 3 and 
acetylene plant 

6. Operate and stand watch on C0 2 and 
oxygen transfer equipment 

7. When warming up main steam-propul- 
sion machinery fitted with reduction 
gear and motor-driven turning gear: 

a. Measure turbine clearances where 
indicators are installed. Specify 
that they are cold readings 

b. Back all throttle valves off seat and 
reseat lightly by hand 

c. Check for water in lubricating oil 
and use lubricating oil purifier if 
necessary 

d. Heat lubricating oil in sump tank to 
90° F. and secure steam to heating 
coils 

e. Clean all oil and bilge strainers 

f. Ease up on stern tube gland, allow- 
ing a small amount of water to leak 
through the gland 

g. Line up lubricating oil system 

h. Start lubricating oil pump 

L See that oil is delivered to turbines, 

reduction gears, and thrust bear- 
ings. Inspect for leaks 



Applicable Rates 



MM MML MMR 



3 
3 



C 
1 



3 
3 



C 
1 



MMO 



3 
3 
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Qualifications (or Advancement in Rating 



j. Open all drain valves on main steam 

line 

k. Test low-pressure lubricating oil 

alarm system 

1. Test stand-by lubricating oil pump 
m. Obtain permission from bridge and 
start motor-driven turning gear and 

jack over main engine 

n. Open main injection and overboard 

discharge valves 

o. Start main circulator pump 

p. Start main condensate pump and 

recirculate water 

q. Cut in gland seal on turbine 

r. Start second stage air ejector; build 

up vacuum on main condenser 

s. Vent main condenser to insure that 

condenser is not air bound 

t. Open all auxiliary low-pressure 
drains to main condenser. Secure 
auxiliary condenser and cut auxil- 
iary exhaust steam not used else- 
where into main condenser. 

u. Line up system and recirculate 

water through deaerating tank 

v. Open drains to whistle and siren. _ 
w. Cut in steam to whistle and siren _ 
x. Warm up main feed pump and 

booster pump 

y. Test engine telegraph 

z. Take and log counter readings 

aa. Put main feed pumps on line 

bb. Open bulkhead stops to throttle 

or nozzle control valves 

cc. Close throttle bypasses and warm- 
ing-up valves 

dd. Obtain permission from bridge and 

turn main engines 

ee. Disengage motor-driven turning 
gear 



Applicable Rates 



MM MML MMR MMO 



3 

2 
2 



3 

2 

2 
2 

1 

3 



3 

1 

3 
3 

1 
1 
1 
1 

2 

1 

1 

1 
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Qualification! (or Advancement in Rating 



8. 



ff 



gg 
hh 

ii. 
jj. 



Obtain permission from bridge and 

spin main engines 

Take and record hot turbine clear- 
ances 

Start first-stage air ejector; build 

vacuum to maximum obtainable 

Line up main lubricating oil cooler. . 
Make final inspection preparatory 
to reporting engine room ready to 

answer all bells 

When securing main steam propulsion 
machinery fitted with reduction gears 
and motor-driven turning gear: 

a. Secure throttle valves 

b. Rotate turbine rotors with shaft 
turning gear 

0. Maintain lubricating oil pressure 
in all bearings during rotation 

d. Secure main steam line and drain 
thoroughly before securing drains. . 

e. Open turbine drains 

f . Secure steam to first-stage air ejec- 
tors 

g. Start auxiliary condenser and cut 
auxiliary exhaust and low-pressure 
drains into it 

h. Start auxiliary and secure main feed 
pump 

i. Continue operating turning gear 
and circulating lubricating oil 
through the system for at least 1 
hour after gland steam has been 
secured 

j. Secure steam to second-stage air 
ejectors 

k. Secure gland seal steam and con- 
densate pumps 

1. Complete securing of air ejectors 
and break vacuum through air 
ejector suction 

m. Secure main circulating pumps 



Applicable Rates 



MM MML MMR 



1 

c 
1 

3 



2 
1 

2 

3 
3 



1 
1 



1 
1 

2 



1 

C 

1 
3 



2 
1 

2 

3 
3 



MMO 
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n. 



9 



10 



12 



13. 



14 



102 



1. 



4. 

5. 
6. 



o. 



Close main injection and overboard 

discharge valves _ 

Inspect to insure that all root, 
throttle, exhaust, and drain valves 
of all auxiliaries not in use are 

closed 

p. Drain waterside of oil coolers to 

bilges 

q. Close turbine and steam line drains 

after 24 hours 

Start, operate, stand watch on, and 
secure refrigeration and air conditioning 

systems 

Start, operate, and secure Diesel gener- 
ator used for power supply to oxygen 

plants 

11. Start, operate, and secure Diesel gener- 
ator used for an acetylene plant 

Operate engine lathe for cutting threads 

and tapers and for plain turning 

Start, operate, and secure an oxygen 

plant... 

Select a site and set up industrial gas 
generating, stowage, and transfer equip- 
ment. 

Maintenance and/or Repair 
Change strainers and clean filters on gas 

generating equipment 

Lubricate all pumps and compressors 

used in gas generating plants. 

Remove scale from evaporator tubes by 

cold shocking 

Spot and grind in valves 

Renew bonnet gaskets in valves. _i 

Repack stuffing boxes on centrifugal 
pumps with specified packing 

7. Replace zinc plates in main and auxili- 
ary condensers 

8. Clean salt-water side of main and auxili- 
ary condensers 



Applicable Rates 



MM MML MMR MMO 



3 

t 
3 
3 

Z 



2 
3 
3 



s 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 
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Qualifications for Advancement in Rating 



9. Remove drying agent from adsorbers 
on an oxygen plant and refill. . . . 

10. Repack valves using specified type of 
packing on gas generating equipment. 

11. Change oil and lubricate Diesel gen- 
erators used for power supply on gas 
generating plants 

12. Make minor repairs to insulation or lag- 
ging on piping. 

13. Remove scale from evaporator tubes 
chemically 

14. Fit piston rings to steam cylinder of 
reciprocating pumps 

15. Spot-in slide valve on steam chest of 
reciprocating pump 

16. Test and renew suction and discharge 
valves on air compressors 

17. Use dial indicators, micrometers, depth 
gages and inside-outside vernier calipers 
to take clearances on journals and 
bearings 

18. Check for noncondensible gases and 
pump down refrigerant systems 

19. Use halide torch on refrigeration or air 
conditioning equipment to test for 
leaks _. 

20. Clean air ejector steam strainers 

21. Clean inner and after air ejector con- 
denser tubes 

22. Reface valve seats and discs 

23. Replace regulating valve diaphragms 

24. Repack high-pressure valves 

25. Spot in and replace bearings on centrif- 
ugal pumps 

26. Replace oil seals on refrigeration com- 
pressors 

27. Inspect, dry out, and recondition oxy- 
gen and CO2 cylinders 

28. Dehydrate, test, and recharge refrigera- 
tion systems 
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Applicable Rates 



MM MML 



MMR MMO 



29 



Inspect and recondition acetylene cyl- 
inders 

Check alinement of couplings and de- 
termine clearances of bearings on pumps 

for gas generating equipment 

Set all relief valves to required pressure - . 
Repair centrifugal pump pressure regu- 
lators 

Spot in or replace carbon packing rings 

on centrifugal pumps. 

Take clearances and replace wearing 

rings on centrifugal pumps 

Check for alinement of centrifugal 

pump driving unit 

Make air and soapsuds test on main 

and auxiliary condenser _ 

Replace worn or broken reciprocating 

pump piston rings 

Aline upper and lower cylinders of recip- 
rocating pumps - 

Adjust slide valve on steam and exhaust 

side of reciprocating pumps 

Adjust air ejector steam reducing valve. 
Adjust air ejector thermostatically con- 
trolled recirculating valves 

Adjust tappets for proper piston stroke 
on reciprocating pumps 

43. Grind in or replace valve discs and seats 
in water end of reciprocating pump 

44. Renew weak or broken valve springs in 
water end of reciprocating pump 

45. Remove scores from cylinder wall of 
water end and steam end of reciprocat- 
ing pump 

Renew packing rings in water end of 

reciprocating pump 

Test evaporator tubes hydrostatically 

for leaks 

Make repairs to pumps and compressors 

on gas generating equipment _ 

Plug and replace condenser tubes 



30 



31. 
32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 
41. 

42. 



46 



47 



48. 



49 



C 
C 
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Qualifications for Advancement in Rating 



50. Set hydraulic speed limiting governor 
on centrifugal pumps. . 

51. Set hydraulic pressure governor on cen- 
trifugal pumps 

52. Set geared centrifugal fly-ball type gov- 
ernor on centrifugal pumps 

53. Clean first- and second-stage air ejector 
nozzles and diff users 

54. Take main turbine and reduction gear 
bearing clearances, thrust clearances, 
and turbine blade clearances 

103 Administrative and/or Clerical 

1. Locate and use appropriate sections of 
the BuShips Manual, manufacturers' 
instruction books, mechanical drawings, 
and handbooks to obtain data when 
repairing machinery 

2. Supervise and train personnel in opera- 
tion, maintenance, and repair of: 

a. All engine room equipment.. 

b. Refrigeration and air conditioning 
equipment . 

c. Gas generating equipment 

3. Take charge of an engine room watch 
on steam-propelled vessel 

4. Take chance of a watch on gas generat- 
ing equipment 

5. Keep engine room records and prepare 
naval shipyard and tender work 
requests 

6. Estimate time and material needed for 
repair of auxiliary and main propulsion 
machinery 

200 EXAMINATION SUBJECTS 

201 Operational 

1. Safety precautions involved in perform- 
ing tasks appropriate to applicable rates 
listed under 100 Practical Factors 

2. First-aid procedures in instances of ex- 
posure to refrigerants in liquid or gas- 
eous states and in instances of electrical 
shock and heat exhaustion 
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Applicable Rates 



MM 



C 
C 
C 

c 



MML 



C 
C 



c 
c 
c 
c 



MMR 



MMO 



Qualifications for Advancement in Rating 



10 



11 



Applicable Rates 



MM MML MMR MMO 



C. 

d. 
e. 
f. 



3. Safety precautions to be observed when 
working on shipboard machinery, tak- 
ing on fuel, and moving or lifting heavy 
objects 

4. Safety precautions to be observed when 
generating, transferring, stowing, and 
handling industrial gases.. 

5. Uses and characteristics of industrial 
gases and their identification by stand- 
ard markings on containers 

6. Purpose and principles of operation of: 

a. Reduction gears 

b. Double- and triple-effect distilling 

plants 

Compressors 

Main and auxiliary condensers 

Lubricating oil purifiers 

Air ejectors 

Rotary, reciprocating, and centrif- 
ugal pumps 

h. High- and low-pressure turbines 

i. Turning gears 

j. Steering engines 

k. Relief valves 

1 . Turbogenerators 

7. Construction and operation of Freon-12 
type of refrigerating units. Charac- 
teristics of refrigerants 

Power, fuel, water, chemicals, and other 
consumable materials required for oper- 
ation of gas generating plants 

Principles of operation of oxygen, C0 2 , 
and acetylene generating plants and 

associated equipment 

Tests required by the Interstate Com- 
merce Commission when shipping in- 
dustrial gas containers 

Purpose and principles of operation of: 

a. Refrigeration expansion valves 

b. Deaerating tank 

c. Thrust bearings 
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3 
3 
3 
3 
2 

2 

I 
2 

I 



3 
3 
3 
3 
2 

2 
2 
2 
2 
2 
2 



3 



3 



2 
2 
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d. Centrifugal pump governors 

e. Gland sealing system 

12. Methods and procedures for starting 
and securing steam turbine generator. _ 

13. Safety factors to be considered in selec- 
tion of a site, and in installation of 
equipment, for oxygen, COi, and acety- 
lene generating plants.. 

202 Maintenance and/or Repair 

1. Chloride limits and frequency of tests 
on the following: 

a. Make-up feed water 

b. Distiller discharge to reserve feed 
tanks 

c. Main and auxiliary condensers 

d. Reserve feed tanks 

e. Deaerating and surge tanks on main 
feed line 

2. Purpose and procedures for cold shock- 
ing evaporators 

3. Procedures to be followed when : 

a. Changing and cleaning filters on gas 
generating equipment 

b. Lubricating gas generating equip- 
ment 

0. Repacking stuffing boxes on centrif- 
ugal pumps 

d. Replacing zincs in main and auxiliary 
condensers 

e. Removing drying agent from ad- 
sorbers on oxygen plant 

f. Removing scale from evaporator 
tubes 

g. Fitting piston rings to steam cylinder 
of reciprocating pumps 

h. Spotting-in slide valves on steam 
chest of reciprocating pumps 

1. Testing and renewing suction and 
discharge valves on compressors 

j. Spotting-in and replacing bearings 
of centrifugal pumps 



Applicable Rates 



MM MML MMR MMQ 



1 
1 



3 

3 
3 
3 

3 

3 



3 
3 



2 
2 
2 
2 
2 



3 
3 
3 

3 

3 



3 
3 



2 
2 
2 
2 
2 



3 
3 



2 
2 



3 
3 
3 
3 
2 



2 
2 
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Applicable Rates 



MM 



k. Renewing ram packing on hydraulic 
steering gears and elevators 

1. Changing seals and gaskets on hy- 
draulic equipment 

m. Inspecting and adjusting food prep- 
aration and dishwashing machinery. . 

n. Inspecting and adjusting safety de- 
vices and operating gear on laundry 
machinery _ 

o. Dehydrating, testing, and recharging 
of refrigeration systems. 

p. Replacing oil seals on refrigeration 
compressors 

4. Methods of testing evaporators and 
condensers for salt water leaks 

5. Procedures to be followed when these 
casualties occur: 

a. Lubricating oil cooler tube carries 
away 

b. Loss of, or low, lubricating oil pres- 
sure _ 

c. Leak in main condenser 

d. Failure of cooling water to auxiliaries. 

e. Loss of, or low, main feed booster 
pressure 

f . Overheated bearings 

g. Loss of main feed pressure 

h. High- or low-water in deaerating 
tank. 

i. Unusual noise from pump end of 
main feed pump when starting 

j. Jammed throttle ahead or astern 

k. High oil level in reduction gear casing 

1. Unusual noise in reduction gear 

m. Metallic noise emanating from tur- 
bine 

n. Loss of steam pressure in engine 

room 

o. Locking and unlocking shaft under 

way 

p. Turbine begins to vibrate 

q. Loss of vacuum 
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2 
2 
2 

2 
1 
1 
2 



2 
2 
2 

2 
2 
2 



2 
2 
1 
1 

1 
1 
1 

1 
1 
1 



MML 



2 
2 
2 



MMRMMO 
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r. Empty feed bottom for make-up feed. 
8. Loss of power steering 

6. Lubricant requirements, and precau- 
tions when handling dehydrated oils for 
refrigerant systems 

7. Methods of fitting carbon packing rings 
to turbines 

8. Procedures to be followed when: 

a. Inspecting and reconditioning oxy- 
gen, COj, and acetylene cylinders 

b. Checking alinement of couplings and 
determining clearances of bearings 
on pumps for gas generating equip- 
ment 

c. Setting relief valves 

d. Repairing centrifugal pump pressure 
regulators 

e. Taking clearances and replacing 
wearing rings on centrifugal pumps.. 
Checking alinement of centrifugal- 
pump driving unit 

Replacing worn and broken recipro- 
cating-pump piston rings 

h. Adjusting tappets on slide gear of 
reciprocating pumps 

i. Adjusting steam reducing valves 

j. Cleaning first- and second-stage air 

ejector nozzles and diffuse re 

k. Replacing turbine or reduction gear 
bearings 

9. Methods of testing oxygen, C0 2 , and 
acetylene gas generating systems and 
equipment for proper operation 

10. Methods of testing refrigerating sys- 
tems, including compressors, for proper 
operation __ . 

11. Factors governing main propulsion 
plant efficiency, causes of poor per- 
formance, and appropriate remedies 

12. Major causes of inefficient operation of 
refrigerating systems and corrective 
procedures 
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f. 



Applicable Rates 



MM 



1 

2 



C 
1 



MML MMR MMG 



C 
1 



Qualifications for Advancement in Rating 



13. Procedures for checking and adjusting 
constant-speed and speed-limiting gov- 
ernors and overs peed trips „ 

14. Methods of taking main turbine and 
reduction gear bearing clearances, thrust 
clearances, and turbine blade clearances. 

15. Procedures to be followed when inspect- 
ing propellers, shafts, sea valves, zincs, 
and strut and stem tube bearings when 
ship is in dry dock 

16. Characteristics of lubricating oil and 
purpose of tests * 

17. Procedures to be followed when replac- 
ing rotors in main feed, main feed 
booster, main condensate, and main 
lubricating oil pumps 

18. Procedures for replacing thrust plates 
in main turbine thrust and turbogener- 
ator thrust bearings and thrust shoes 
in Kingsbury thrust bearings 

203 Administrative and/or Clerical 

1. Duties and responsibilities of the engi- 
neer officer of the watch 

2. Performance reports required by Bureau 
of Ships and Chief of Naval Operations 
and purpose of all records kept by engine 
room personnel 

3. Selection, procurement, and use of 
packings, grease, oils, polishes, cleaning 
materials, spare parts, and other engine 
room supplies. _ 

4. Use of allowance lists, and procedures 
for maintaining inventories and obtain- 
ing replacements 

5. Application of damage control principles 

6. Knowledge of administrative, material, 
and operational readiness inspections 

7. Supervise and make out reports for full 
power, economy, dock, and post-repair 
trials 



Applicable Rates 



MM 



C 
C 



C 

c 



MML 



C 
C 

C 
C 



C 

c 
c 

C 
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Advancement in rating, qualifica- 
tions for, 1, 672 
Air compressors, 475-484 

care and maintenance, 476-481 
inspections and tests, 481, 482 
lubricating and cooling systems, 
480 

Air conditioning, 389-411 

basic cycle, 400-402 

body heat balance, 397 

comfort chart, 400 

plants used by Navy, 403-409 
Freon-12, 408, 409 
lithium bromide, 406-408 
steam jet, 403-405 

psychrometric chart, 394, 395 

shipboard cycle, 402 

systems, 400-402 

temperatures, 392-394, 399 

theory of, 390-392 
Air ejectors, 107, 134-148 

care and maintenance, 136 

nozzles and diffusers, 141, 142 

reducing valves, 142-144 
Air motion, 396, 397 
Allotments, 564-566 
Allowance list, BuShips, 556 
Alterations, 512 

and improvement program, 513, 
514 

definition, 512 
equivalent to repairs, 513 
NAVALTs, 512, 513, 579 
procedure for accomplishing, 
529 

record card, 579-582 
request for, 583, 584 
SHIPALT's, 512, 579 



Anchor windlasses, 466, 467 
Auxiliary and propulsion ma- 
chinery, 273-279 
Auxiliary equipment; inspection, 
maintenance, and repair, 
463-504 
air compressors, 475 

care and maintenance, 476, 
481 

inspections and tests, 481, 482 
boilers, 486-494 
elevators, electrohydraulic, 468 
hydraulic 

rams, 465, 466 

systems, 469-475 
safety precautions, 483, 484 
steering gear, 463 
whistles and sirens, steam, 485, 
486 

winches and cranes, 467, 468 
windlasses, anchor, 466, 467 
Availability 

repair procedures and, 514-520 
restricted, 516 
technical, 516 

Battle 

casualties, 290, 291 

problems, 625-630 
Bearings 

care of, 165 

journal, 34, 36 

main reduction gears, 89-93 

overheated; procedure, 20-22 

readings, 27, 30 

thrust, 38-43, 97 
Bell book, engineer's, 589, 615 
Bills 

damage control, 299 
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Bills — Continued 

watch, quarter, and station, 7, 
290 

Blueprints, 608^610 

Body heat balance, 397-399 

Boiler water requirements, 489- 

491 
Boilers 

auxiliary, 486-489 

controls, 497 

fire tube, 487 

paralleling, 252, 253 

securing, 253-255 

types, 246 

water tube natural-circulation 
and forced-circulation, 487 

Books 

casualty control, 300 
damage control, 298, 300 
manufacturers' instruction, 607 

Boring, 438, 439 

Burners, pressure atomizing, 495, 

496 
BuShips 

Journal 569, 607 

Manual, 502, 569, 606, 607 

Casings, gear, 76 
Casualty control, 233, 263-292 
book, 300 

corrective action, speed of, 268 
factors influencing, 264 
phase nature of, 269 
preventive maintenance, 264- 

267 
training, 267 
Cataloging, 544 

Centrifugal pumps. See Pumps 
Check-off 

charts, zinc, 604 

lists, 596-603 
Circulating water regulation, 111 
Classification, 544 
Cold-iron watch, 12, 13 
Comfort 

chart, 400 



Comfort — Continued 

sensation of, 399 
Communications 

damage control, 310-317 

telephone. See Telephone 
Compressors 

air. See Air compressors 

oil, 361 

refrigeration, 360-367 
Condensate depression, 107-110 
Condensers and heat exchangers, 
107-152 

boiling out, 116-118 

cleaning, 116 

idle, 114 

inspection of, 115 

main and auxiliary; mainte- 
nance of, 114-120 

packing of tubes, 125, 126 

refrigeration, 367 

removal and renewal of tubes, 
122-125 

retubing, 71, 120, 370 
request, 121 

safety precautions, 126, 127 

tube 

deterioration, 111-114 

leaks, 118-120, 137 
Controls 

boiler, 497-500 
combustion; safety, 500-502 
devices, 479 
remote, 463 

safety combustion ; photoelec- 
tric, 502 

Coolers, lubricating oil, 148-151 
Couplings, flexible, 76-79 
Cranes, 468 

Current Ship's Maintenance Proj- 
ect Cards; disposal, 615 

Damage control, 294-327 
bills, 299, 300 
books, 298, 300 
communications, 310-317 
knowledge required, 296-298 
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Damage control — Continued 
main propulsion party (repair 

5), 307-309 
objectives, 296 

organization, 295, 299, 300, 
320, 321 
central station, 301 
for fire-fighting, 309, 310 
personnel, training, 322-326 
petty officers, duties of, 320 
principles; application of, 298 
repair party, 304-309 
reports, 317-320 
Day's duty, 10-12 
Deaerating feed tanks, 127-134 
operation, 128-132 
maintenance and repair, 132- 
134 

Distilling plants, 330-347 

care and maintenance, 343-347 
general type, 330 
troubles and remedies, operat- 
ing, 331-343 

Dock trial, 539 

Drain systems, principal, 428 

Drydocking ship, 537 

Duties, supervisory and adminis- 
trative, of MM 1 or C, 1-5, 
229-231, 286, 290, 294, 320, 
349, 503, 560, 568, 618 
instruction, 4 

Elevators, electrohydraulic, 468 
Engineering 

casualty control. See Casualty 

control 
Department 

Monthly Summary (OPNAV 

3540-1), 614 
records; disposal of, 614 
watches, 8-13 
cold-iron, 12, 13 
day's duty, 10-12 
engineering officer of, 6, 7 
engineroom, 8-10 
auxiliary, 11, 12 



Engineering — Continued 
efficiency, 234-240 

recommendations for, 238 
log, 584-588, 615 
materials and supplies. See 

Materials 
performance; evaluation of, 230 
records. See Records 
reliability, 231 
reports. See Reports 
Engineer's Bell Book, 580-591, 

615 
Engineroom 

casualties, 273-286 
securing schedule, 257-260 
warming-up schedule, 242-245 
watch, 8-10 
auxiliary, 11, 12 
CPO in charge of, 8, 9 
messenger, 10 
pumpman, 10 
throttleman, 9 
Entrance into port, 255 
Equipment 

auxiliary. See Auxiliary equip- 
ment 

damaged; operation of, 268 

Feed water system, 272, 279 
Fireroom 

casualties and MM 1 or C, 

286-290 
lighting off, 248-252 
operations, 245, 246 
watches, 13, 14 
blowerman, 14 
burnerman, 13, 14 
checkman, 13 
messenger, 14 
pumpman, 14 
Freon-12 systems, 349-360, 408, 
409 
charging, 351 
checking, 350, 351 
cleaning, 360 
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Freon-12 systems — Continued 
dehydration and evacuation, 

356-359 
testing for leaks, 352-356 
halide torch, 353-355 
soapsuds, 355, 356 
Fuel oil system, 271, 272 

Gage readings 

bridge, 28 

depth, 30 
Galvanic corrosion, 112 
Gears and gearing 

alignment, 96 

articulated, 72 

casings, 76, 170 

construction, 75 

locked train, 74 

inspections, 101, 102 

lubrication, efficient, 80 

main reduction, 71-105 

maintenance, 88 

nested, 72 

safety precautions, 102-104 

teeth, 93-96, 162 

types, 71 
Generators 

synchronizing, 159, 160 

turbine, 157, 161 
Governor 

control valves; inspection of, 
165^169 

emergency; testing, 167, 168 

main speed, 156, 167 

maintenance and repair, 221- 
224 

pump. See Pumps 

Heat 

body, 397-399 

exchangers (see also Condens- 
ers), 112-114, 120, 124, 150 
latent, 392 
of air, 392 
sensible, 392 
total, 392 



Humidity 

absolute and specific, 390 
air motion ; effect of, on, 396 
effect of air motion on, 396 
relative, 391, 392 

Hydraulic 
rams, 465 
systems, 469-475 

trouble shooting, 473-475 

Impingement erosion, 112-114 
Index, machinery, 569 
In-port watches, 10-13 
Inspecting party, 619 
Inspections 

acceptance, 639, 640 

administrative, 619 
check off lists, 621, 622 

air compressors, 481, 482 

air conditioning plant, 409-411 

auxiliary equipment. 463, 481, 
482, 491 

Board of Inspection and Sur- 
vey, 638, 639 

compressed air plants, 482 

conduct of, 636, 637 

duties of ship's force, 536 

engineering department, 620 

formal, 618-640 

general, of ship, 620 

main reduction gear, 100 

material, 630-638 

operational readiness, 624-630 

repair parts, 550 

routine, 101, 172 

sea valves, in dry dock, 422 

traps, 427 
Instructions, operating, and safety 

precautions, 606 

Jacking, 99, 100 
Job orders, 518 

Lathe machining operations, 431- 
461 

boring, 438, 439 
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Lathe machining operations — Con. 
center (8) 

alignment; testing, 433, 434 
direction of feed with work 

on, 434 
facing job on, 434 
truing, 432, 433 
machining to shoulder, 436, 4S7 
plain turning, 435 
finish turning, 436 
rough turning, 435 
screw threads, cutting, 450-461 
tapers, 43&-450 
Leadership, 1-5 
principles of, 2-5 
supervision, effective, 3 
Lighting-off and securing check- 
off sheets, 592-595 
Lists, repair; procedure for sub- 
mitting, 526-528 
Lithium bromide plant, 405-408 
Logs 

engineering, 584-588, 615 
maintenance of, 623 
Lubricating system, 281-286 
air compressor, 480 
care and operation of, 163 

Machinery, propulsion and auxil- 
iary, 273-279 

Main reduction gear, 100 

Maintenance 
administration, 523 
and repairs; ship's force, 523 
auxiliary equipment, 463-504 
main and auxiliary condensers, 

114-120 
piping system, 414-430 
preventive, 264-267, 524 
project, current ship's 574, 575 
records, 596 
reduction gears, 88 
refrigeration, 349-387 
turbines, 26-34 

Manufacturers' instruction books, 
use of, 502 



Material Directory and Requisi- 
tioning Guide, BuShips, 545, 
559 

Material (Machinery) History, 
570-574 

card, 121, 571, 615 
Material, Navy; Catalog of, 544 
Materials 

BuShips controlled, 545 

BuShips repair parts, 545, 546 

classes of, 543 

engineering, 543-566 

general stores, 544 

inspection, 630-638 

Naval shipyards, 525 
NAVALT's, 512, 513, 579 
Night steaming orders, 592 
Noise or vibration, abnormal op- 
erating, 22-24, 86-88 

Observing party, 625 

Officer of watch, engineering, 6 

Oil 

burners, 494-497 
coolers, lubricating, 107, 148- 
152 

care and maintenance, 149 
effects of acid and water in, 80 
emulsion; formation of, 82 
level of, in sump, 82 
lube pump. See Pumps 

Operating data sheet (NAVSHIPS 
3624), 613 

Organization 

and leadership, 1-15 

repair ships and tenders, 508- 

511 
ship, 5 

shipyard; naval, 530 

shore-based repair activity, 524 
Overhaul 

naval shipyard, 101 

regular, 516 
Overspeed trips, testing of, 167 
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Packing charts, 605 

Piping systems, 414-430 
care in general, 414 
identification markings, 415 
insulation, 418 

mechanical remote operating 

gear, 424, 425 
principal drain systems, 428, 

429 

repairs, 416-418 

safety precautions, 429 

salt-water, 418-420 

steam traps and drains, 425-428 

valves, 420-424 

whistle and siren, 486 
Plan indexes, 608, 609 
Procurement, repair parts, 549 
Progressman, ship's, 534 
Propulsion 

and auxiliary machinery, 273- 
279 

plant operation and super- 
vision, 228-261 
economy, 232, 233 

versus safety, 234 
starting, 241 
securing, 257 
turbines. See Turbines 
Psychrometric chart, 394, 395 
Pumps, 180-225 
centrifugal 

care and maintenance, 194- 
197 

replacing rotor in, 207-209 
condensate and booster, 194- 
201 

care and maintenance, 194 
inspection of, 200 
operation, 194 

rotating parts, dynamic bal- 
ancing, 197 
troubles and repairs, 198 
feed, main, 201-205 
casualties to, 204 
checks and precautions, oper- 
ating, 203 



Pu m ps — Con tin ued 

governor ; constant-pressure, 
218-224 
Atlas, 221 
Foster, 221 
Leslie, 218 
main circulating, 209, 210 
oil, lube 
main, 211 

service; shaft-driven, 214 
reciprocating, 180-193 
maintenance, 180-186 
repair and overhaul, 188-193 
troubles and remedies, 186- 
188 

regulating devices, 217-224 
safety precautions, 224 

Readings 

bridge gage, 28 
depth gage, 30 
rotor axial clearance, 32 
thrust bearing, 30 
Reciprocating pumps. See Pumps 
Records 

assembly of, 635 
cards 

alteration, 579-582 

bearing, 574 

repair, 575-579 

unit, 574 
CSMP, 574, 575 
disposal, 614-616 
engineering, 568-616 
Machinery Index, 569 
maintenance, 596 

check-off lists, 596-603 

packing charts, 605 

work books, 603, 604 

zinc check-off charts, 604, 605 
maintenance of, 623 
Material (Machinery) History, 

570-574 
operating, 591, 592 
safety precautions and operat- 
ing instructions, 606 
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Refrigeration, 349-387 
compressors, 360-367 

repair of, 364-367 
condensors, 367-371 
expansion valves, 371-377 
Freon-12 system, 349-360 

maintenance of, 349-364 
safety precautions, 386 
switches, 377-379 
troubles; detection and cor- 
rection, 379-385 
Repair party, 304-309 
Repairs 

administration of, 526 
arrival conference, 517 
auxiliary equipment, 463-504 
bearing 

journal, 34-38 

thrust, 38 
compressor, 364-367 
definition, 511 
guide list, 174-177 
jobs, tender; checking progress 

of, 519 
nozzle control valve, 46 
parts, 546 

BuShips, 545-554 

inventory of, 548 

records of locations, 552 

stowage of, 551, 552 
piping systems, 416-418 
procedures, 506-541 

and availability, 514-520 

work requests, 525 
record card, 575-579 
ships (AR), 507, 517 
tenders (AD), 507, 508 
traps, 427 
turbine, 34-49 
voyage, 517 
Reports 
assembly of, 635 
damage control, 317 
disposal of, 616 
engineering, 610-614, 616 



Reports — Continued 

Material Analysis Data (NAV- 

SHIPS 3621) ; disposal, 616 
Material Analysis Data and 

Repair Parts Usage (NAV- 

SHIPS 3611), 610-612, 616 
material inspection, 637 
Monthly Summary (OPNAV 

3540-1), 613, 614 
Operating Data Sheet (NAV- 

SHIPS 3624), 613, 614 
under way data, 644 
Requisitioning material, 557 
Requisitions 

in-excess (NavSandA Form 44), 

560 

not in-excess (NavSandA Form 

43), 559 
repair part (NavSandA Form 

302), 557, 558 
stub (NavSandA Form 307), 

556, 557 

Rotor 

axial clearance, 32-34 
balance, 24, 25 
end play, 31, 32 
pump, 205-209, 211, 213, 215, 
217 

Rough machinery history books, 
603, 604 

Safety combustion controls, 500 
Safety precautions, 67. 102, 177, 

224, 386, 429, 483, 606, 622 
Screw threads, cutting, 450-461 
Securing 

check-off sheets, 592 

plant, 257-260 

procedures, 253-255 
Shaft and shafting 

alignment, 96 

flange, jacking on, 99 

main 

locking and unlocking, 83-86 
propeller, 97 
packings; renewal of, 44 
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Shaft and shafting — Continued 

turbine, 97 
SHIPALT's, 512, 579 
Ship-to-shop jobs, 519 
Shipyards, naval, 525 

arrival conference, 529 

organization, 530 

shops, 532 
Shops, naval shipyard, 532 
Shore-based repair activities, 524, 
525 

Sirens, steam, 485, 486 
Sounds, abnormal, 86, 87 
Split-plant operation, 269-273 
Steam 

jet plant, 403-405 

supply ; evaporator, 333 

system; main, 273 

traps and drains, 425 
Steaming orders, 240 
Steering gear, 463 
Storerooms, 554-556 
Stowage, repair parts, 551, 552 
Supplies. See Materials 
Surveys, 560-564 

expenditure, 563, 564 

report; preparation of, 563 

request for, 561, 562 
Switches, refrigeration, 377-379 

Tanks, deaerating feed, 127, 134 
Tapers; lathe machining, 439-450 
Telephone systems, battle, 311, 

314, 316 
Temperature 
dew-point, 393 
dry-bulb, 392 
measurement, 392, 393 

effect of air motion on, 396 
effective, 399 
relationships, 393, 394 
wet-bulb, 393 
Tests 

air plants, compressed, 482 
auxiliary boilers, 492-494 
main reduction gear, 100 



Training 

casualty control, 267 

damage control, 322-326 
Trials 

acceptance, 639, 640 

economy, 642 

full power, 102, 642, 648 

manner of conducting, 647, 648 

observation, 645-647 

performance, 233 

post repair, 640-642 

requirements, 644, 645 
Tubes 

leaks, 118, 137, 369 

removal of, 122 

renewal of, 123 

specimen; inspection of, 120 
Turbine-gear-generator sets, align- 
ment of, 165 
Turbines 

bearing readings, 27 

casing, 51-59 

flange joints; sealing of, aboard 

ship, 45 
generator, 157, 161 
governor system, 154 
lifting, 49, 170 
lubrication, 18-20, 163, 164 
maintenance, 26-34 
nozzle control valves, repair of, 

46-48 
operation, 160 
propulsion, 17-68 
repair guide list, 174-177 
repair of, 34 

required overhaul checks, 64-66 
rotor, 27, 28, 43, 51-57 

axial clearance, 32-34 

balance, 24, 25 
safety precautions, 67 
vibration, 22-24 
Turbogenerators, ship's service, 

154-178 
generator turbine, operation of, 
157-161 
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Turbogenerators — Continued 
inspection, maintenance, and 

repair of, 161, 162 
lifting turbine and gear casing, 

170 

main speed governor, 156, 157, 
167 

safety precautions, 177 
turbine generator system, 154- 
156 
Turning 
finish, 436 
plain, 435 
rough, 435 

tapers; methods of, 443 

Under way report data, 644 

Vacuum regulation, 110 
Valves 

air compressor, 478 
compressor internal discharge 

and suction ; testing, 363 
expansion, 371-377, 408 
governor control; inspection of, 
165 

nozzle control, 25, 46 
piping systems, 420-424 
recirculating ; thermostatically 
controlled, 144 



Valves — Conti nued 

steam reducing, 142 
Vibration, 86, 87, 168 

Warming-up schedule, engine- 
room, 242-245 
Watches, 8-10 
bill, 7 

cold-iron, 12, 13 
day's duty, 10-12 
Engineering Department, 6 
engineering officer of, 6, 7 
engineroom, 8-10 
auxiliary, 11, 12 
fire room, 13, 14 
in-port, 10-13 
standing of, 8 
Water 

boiler; requirements, 48&-491 

circulating; regulation, 111 

coolers, jacket; care and main- 
tenance, 149 

feed. See Feed water 

tests, 492-494 
Whistles, steam, 485 
Winches, 467 
Windlasses, 466, 467 
Work requests 

memoranda, 606 

processing, 520-523 
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